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Abstract: We describehegridsandgrid functionsthatcanbe usedwith Overture.Thegrid functionsarebasednthe
fabulousA++ arrayclasslibrary.
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1 Intr oduction

Figurel givesanoverview of theclasseshatmake up Overture.In this documenive will discusgyridsandgrid functions.
Documentatiorcanbe found on the Overturehomepage,ht t p: / / www. | | nl . gov/ casc/ Overt ur e, andincludes
thefollowing documentshatmaybe of interest

e A++ Quick ReferenceCard: A++P++/ DOCS/ Qui ck_Ref er ence_Card. t ex
e A primerfor Overture[?].

e Grid andgrid functiondocumentatiorf].

e Finite differenceoperatorsandboundaryconditionsp].
¢ Finite volumeoperatorg?).

e Mappingclassdocumentatiofi?].

e Show file documentatio?].

e Interactve plotting[?].

e Oges‘EquationSolver” documentatiori?].

¢ Interactve grid generatiordocumentatiof?].

e Theotherstuff documentatiord].

e TheOverBlown Navier-Stokesflow solver [?][?].

2 Grids

Gridsandcollectionsof gridsarethefundamentabbjectsthatPDEsolvershave to dealwith. Thegrid classeshataredescribed
herearedesignedsothatthey canbeusedby a awide variety of PDE solversincluding

e solverswrittenfor asinglerectangulagrid

e solverswritten with AMR++ to performadaptve computations

solverswritten with Overturefor overlappinggrids

solversthatcombineAMR++ andOverture

Hereis alist of thevariousgrid classesThe Genericgridsarenot really usedfor anything exceptto derive from.
e GenericGrid - Derive all gridsfrom this class.This canbethe baseclassfor both structuredandunstructuredyrids.

e MappedGrid : GenericGrid - Logically rectangulagrid with amapping.This classsupportghecreationof avariety of
geometryarrayssuchasthevert exCoor d, vert exDeri vat i ves andalsoholdsboundaryconditioninformation
etc.

e GenericGridGridCollection - A collectionof GenericGrids. Baseclassfor all collectionsof grids.

e GridCollection : GenericGridCollection - A collection of MappedGrids. Also containsconnection(interpolation)
informationandrmask arraysandparent/child/siblingnformationfor adaptve grids. May be avalid “overlapping’grid
(gridscovertheentiredomain)or mayjust be a subsebf thegridscontainedn avalid “overlapping”grid.

e CompositeGrid: GridCollection - Thisis avalid “overlapping”grid, grids cover the entirecomputationatiomain.



The Overture Framework

A++ P++ Arrays _Mapplngs
- DataBase
Mapping (base class) —_—
typeArray Square
typeSerialArray NurbsMapping GenericDataBase
SmoothedPolygon HDF_DataBase
type=[int][float][double] HyperbolicTransform
etc.
Grids GridFunctions
) typeMappedGridFunction
MappedGrid typeGridCollectionFunction
GridCollection typeCompositeGridFunction
CompositeGrid
type=[int][float][double]

Graphics Operators
GenericGraphicsinterface MappedGridOperators
GL_Graphicsinterface GridCollectionOperators
PlotStuff CompositeGridOperators

AMR++
Grid Generators o Solvers
ProjectionOperator
Ogen : overlapping InterpolationOperator OverBlown
grid generator. AdaptiveGrid
RefinementLevel
etc.

Figurel: An overviewn of the Overtureclasses
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2.1 MappedGrid

*** This documentationis out of date ***

The_maﬁpecgrid is alogically rectangulagrid with a mappingfunction.
DefinetheRangesk1, R2, R3 to defineall pointsonacomponengrid:

const int Start=0, End=1, axisl1=0, axis2=1, axis3=2;
ConpositeGid cg;

MappedGrid & mg = cg[grid];

Range R1(nyg. di mension(Start, axi sl), ng. di mensi on( End, axi s1));
Range R2(nmg. di nension(Start, axi s2), ng. di mensi on( End, axi s2));
Range R3(nyg. di nension(Start, axi s3), ng. di mensi on( End, axi s3));
Range ND( 0, cg. nunber O Di mensi ons) ;

Recallthatwe denotethe axesof the unit squarg(or cube)by r1, 2, (andrsz). Somearrayssuchastheboundar yCon-
di ti on array associatealueswith eachsideof agrid. Thesidesof thegrid canbedenotedoy r; = 0 orr; = 1. Thesearrays
aredimensionedisbhoundar yCondi ti on(0: 1, 0: 2) with

boundaryCondition(side, axis) = valuefor rq.;s = side , side =0,1 , axis =0,1,2 Q)

Somearrays,suchasthe arrayof vertex coordinatescomein threeflavours,vert ex, vert ex2Dandvert ex1D. The
first is dimensionedrer t ex( R1, R2, R3, ND) andthuslookslike anarrayfor a threedimensionalgrid. Whenthe grid is
two-dimensionathe RangeR3 will only have 1 point. This arrayis usefulwhenwriting a codethatwill work in both 3D and
2D.Thearrayvert ex2D( R1, R2, ND) is only availablewhenthegrid is two-dimensional.

e IntArray boundaryCondition(0:1,0:2) Boundaryconditionflags, positive for a realboundary negative for a periodic
boundaryandzerofor aninterpolationboundary

e IntArray boundaryDiscretizationWidth(0:2) Width of the boundaryconditionstencil.

e realMappedGridFunction center(R1,R2,R3,ND)Coordinate®f discretizatiorcentres.

e realMappedGridFunction center2D(R1,R2,ND)Coordinate®f discretizatiorcentersfor atwo-dimensionagrid.
e realMappedGridFunction centerlD(R1,ND)Coordinate®f discretizatiorcentersfor a one-dimensionajrid.

e realMappedGridFunction centerDerivative(R1,R2,R3,ND,ND)Derivative of the mappingat the discretizationcen-
ters.

e realMappedGridFunction centerDerivative2D(R1,R2,ND,ND)Derivative at the discretizationcenters,for a two-
dimensionalrid.

e realMappedGridFunction centerDerivative1D(R1,ND,ND)

e FloatMappedGridFunction centerJacobian(R1,R2,R3)Determinanbf centerDewative.

e IntArray dimension(0:1,0:2)Dimensionof grid arrays— actualsizeof the A++ arrays,includingghostpoints.
e IntArray discretizationWidth(0:2) Interior discretizatiorstencilwidth (default=3)

e IntArray gridindexRange(0:1,0:2)Index rangeof gridpoints,excludingghostpoints.

e realArray gridSpacing(0:2) Grid spacingn the unit squaregqualto 1 over the numberof grid cells.

e IntArray indexRange(0:1,0:2)ndex rangeof computationapoints,excludingghostpointsandexcluding periodicgrid
linesonthe“End”.

e LogicalR isAllCellCentered Grid is cell-centredn all directions(variablenamemisspelledfor historial reasonsgirca
1776)

e LogicalR isAllVertexCentered Grid is vertex-centredn all directions
e LogicalArray isCellCentered(0:2)Is this grid cell-centredn eachdirection.

e IntArray isPeriodic(0:2) Grid periodicity, equaloneif notPeriodicderivativePeriodicor functionPeriodic.



e realMappedGridFunction inverse\ertexDerivative(R1,R2,R3,ND,ND)Inversederiative of the mappingat the ver
tices. i nverseVertexDerivative(il,i2,i3,axis,dir) isthepartial derivative of r,,;s with respescto

Tdir-

e realMappedGridFunction inverse\értexDerivative2D(R1,R2,ND,ND)Inversederivative at the vertices,for a two-
dimensionaQrid.

e realMappedGridFunction inverse\ertexDerivativelD(R1,ND,ND)Inversederivative atthevertices for aone-dimensional
grid.

e realMappedGridFunction inverseCenterDerivative(R1,R2,R3,ND,ND)Inversederivative at the discretizationcen-
ters.

e realMappedGridFunction inverseCenterDervative2D(R1,R2,ND,ND)inversederivative atthediscretizatiorcenters,
for atwo-dimensionagrid.

e realMappedGridFunction inverseCenterDervativelD(R1,ND,ND)Inversederivative atthediscretizatiorcentersfor
aone-dimensionagrid.

¢ IntMappedGridFunction mask(R1,R2,R3)maskarraythatindicateswhich pointsareusedandnotused.

e MappingRC mapping Grid mapping(MappingRCis a referencecountedMapping which behaeslike the Mapping
class)

e FloatArray minimumEdgeLength(0:2) Minimum grid cell-edgdength.

e FloatArray maximumEdgeLength(0:2)Maximumgrid cell-edgeength.

¢ IntR numberOfDimensionsNumberof spacadimensionsan| nt Ris basicallyani nt (usedfor referencecounting).
e IntArray numberOfGhostPoints(0:1,0:2)numberof ghostpointson eachside.

e realMappedGridFunction vertex(R1,R2,R3,ND)Vertex coordinates.

e realMappedGridFunction vertex2D(R1,R2,ND)Vertex coordinatesfor atwo-dimensionagrid.

e realMappedGridFunction vertex1D(R1,ND)Vertex coordinatesfor a one-dimensionajrid.

e FloatArray vertexBoundaryNormal[3][2] Outward normalvectorsat the verticeson eachboundary Thesearraysare
dimensionedothatthey lie ontheir respectie boundary:

vertexBoundaryNormal[0][0](R1.getBase():R1.getBase(),R2,R3,ND),
vertexBoundaryNormal[0][1](R1.getBound():R1.getBound(),R2,R3,ND),
vertexBoundaryNormal[1][0](R1,R2.getBase():R2.getBase(),R3,ND),
vertexBoundaryNormal[1][1](R1,R2.getBound():R2.getBound(),R3,ND),
— etc.

e FloatArray centerBoundaryNormal[3][2] Outward normalvectorsatthe centerson eachboundary

e realMappedGridFunction vertexDerivative(R1,R2,R3,ND,NDDerivative of themappingattheverticesyer t exDe-
riavtive(il,i2,i3,axis,dir) isthepartialderivative of x,.;s with respescto r4;,.

e realMappedGridFunction vertexDerivative2D(R1,R2,ND,ND)Derivative of the mappingat the vertices,for a two-
dimensionalrid.

¢ realMappedGridFunction vertexDerivative1D(R1,ND,ND)Derivative of themappingatthevertices for aone-dimensional
grid.

¢ FloatMappedGridFunction vertexJacobian(R1,R2,R3)Determinanof vertexDerivative.

Onemayspecify(or changewhich arraysareto existin theMappedG i d by callingtheupdat e functionwith aninteger
bit-flag. The valuesof the bit flag aredeterminedrom the following enumerator
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enum {

USEmask

USEi nver seVertexDerivative
USEi nver seCent er Deri vati ve

USEvert ex

USEcent er

USEvert exDerivative
USEcent er Deri vati ve
USEf aceNor nal
USEver t exJacobi an
USEcent er Jacobi an
USEver t exBoundar yNor mal
USEcent er Boundar yNor nal
USEmappedGri d

}

USEgenericGid
USEmask

USEi nver seVert exDerivative
USEi nver seCent er Deri vati ve

USEvert ex

USEcent er
USEvertexDerivative
USEcent er Deri vati ve
USEf aceNor mal

USEvert exJacobi an
USEcent er Jacobi an
USEver t exBoundar yNor mal
USEcent er Boundar yNor mal

<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
/1 Do

ot use.

e MappedGrid(const String & file, constString & name)Constructofrom databaséile andname.

e MappedGrid(Mapping & mapping) Constructoifrom a mapping.

¢ void updateReferences()Setreferenceso reference-countedata.

¢ void update(constint what = USEtheUsualSuspects)pdatethegrid.

For furtherdetailsconsultthe documentatiomitting in thechairin Geof’s office.

2.2

Seethedescriptionof a CompositeGrid.

2.3

*** This documentationis out of date ***
A CompositeGrids acollectionof MappedGrids alongwith theinformationneededor interpolatingbetweercomponent
grids.

GridCollection

CompositeGrid

DefinetheRanges

const int Start=0, End=1, axisl1=0, axis2=1, axis3=2;
ConpositeGid cg;

MappedGrid & nmg = cg[grid];
R1(ng. di mensi on(Start, axi s1), ng. di mensi on( End, axi s1));
R2(ng. di mensi on(Start, axi s2), ng. di mensi on( End, axi s2));
R3(ng. di mensi on(Start, axi s3), ng. di mensi on( End, axi s3));
ND( 0, cg. nunber O Di mensi ons());
NG 0, cg. nunber O Conponent Gri ds());
MZ 0, cg. nunber O Mul ti gri dLevel s());

Range
Range
Range
Range
Range
Range

Range

IntR
IntR

NI (0, cg. nunber O | nt er pol ati onPoi nts(grid));

numberOfDimensionsNumberof spacedimensions.

numberOfComponentGrids Numberof componengrids (MappedGrids).

IntArray numberOfinter polationPoints(NG) The numberof interpolationpointson eachcomponengrid.

LogicalR inter polationIsAllExplicit

LogicalArray interpolationlsimplicit(NG,NG)

IntArray interpolationWidth(3,NG,NG) Thewidth of theinterpolationstencil(direction,toGrid, fromGrid).

realArray interpolationOverlap(3,NG,NG) The minimumoverlapfor interpolation(direction,toGrid, fromGrid).

ListOfReferenceCountedObjectsirealArray > interpolationCoordinates[NG](NI,ND) Coordinate®f interpolation
pointon componengrid “grid” arei nt er pol ati onCoor di nat es[ gri d] (n, axi s) for 0 <n < nunber Of -
I nt erpol ati onPoi nts(grid).
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ListOfReferenceCountedObjects:IntArray > interpoleeGrid[NG](NI) Index of the “interpoleegrid”, i.e. thisis the
index of thegrid from whichwe interpolate.

ListOfReferenceCountedObjectsIntArray > interpoleeLocation[NG](NI,ND) Locationof interpolationstencilon
theinterpoleegrid, thisis theindex of thelower left cornerof the stencil.

ListOfReferenceCountedObjectsIntArray > interpolationPoint[NG](NI,ND) Indicesof interpolationpoint.
ListOfReferenceCountedObjects:realArray > interpolationCondition[NG](NI) Interpolationconditionnumber

IntGridCollectionFunction mask[NG](R1,R2,R3)Flagarray positive for discretizationpoint, negative for interpola-
tion point, zerofor unusedpoint.

ListOfReferenceCountedObjects:MappedGrid > grid[NG] Hereis thelist of MappedGrids.

Herearevariablesrelatedto multigrid levels

INtR numberOfMultigridLe vels

IntArray coarseToFineWidth(0:2,NG,MG) Prolongtionstencilwidth
IntArray coarseToFinelsimplicit(NG,MG) Prolongtionis alwaysimplicit.
IntArray fineToCoarseWdth(0:2,NG,MG) Restrictionstencilwidth
IntArray fineToCoarselsimplicit(NG,MG) Restrictionis alwaysimplicit.
IntArray fineToCoarseFactor(0:2,NG,MG) Ratioof thisto coarsetevel

ListOfReferenceCountedObjects:CompositeGrid> compositeGrid

12
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Figure4: Classdiagramfor grid functionclasses

3 GridFunctions

Almost all applicationgthat usegridswill alsoneedto usegrid functions. For example,a PDE solver will needto storethe
valuesof the solution(velocity, pressuredensity ...). Thesevaluesaredefinedat eachpointonthegrid. A grid functionwill
thushold oneor morevaluesfor eachpointonthegrid. Thegrid functionwill beassociatedvith agrid andthuswill know how
to dimensionitself. Grid functionsalsocomewith a collectionof operationsTheseoperationsncludethe standardarithmetic
operatoraaswell asmoresophisticate@perationsuchasdifferentiationandinterpolation.

Hereis alist of theavailablegrid functions.Basicallyeachtype of grid hasa grid functionassociatedvith it. The keyword
“t ype” canbeary of doubl e, fl oat orint.

o typeMappedGridFunction : typeArray - this grid functionis associatedvith aMappedG i d andis derivedfrom an
A++ array

e typeGridCollectionFunction - this grid functionis a collectionof t ypeMappedG i dFunct i on’sandis associated
withaGri dCol | ecti on.

e typeCompositeFunction- this grid functionis a collectionof t ypeMappedG i dFunct i on’sandis associateavith
aConpositeGid.
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3.1 MappedGridFunction

Thisis a grid functionthatcanbe usedwith a MappedGrid.The main purposeof the MappedG i dFuncti on isto actlike
a“smart” A++ array (Not that A++ arraysarenot alreadypretty smart). This classis derived from an A++ arraysoall A++
operationsaredefined. Sinceit is associatedhasa pointerto) a MappedG i d, this grid function knows how to dimension
itself andhow to updateperiodicedgesvhenthegrid is periodic. It alsoknows how to updateitself whenthe MappedGridis
changedperhapghe numberof pointsonthegrid is increased)Herethe updateonly involvesredimensioningnot assigning
valuesto the new grid function.

Thetypesof MappedGridFunctionaref | oat MappedG i dFunct i on, doubl eMappedG i dFuncti on, andi nt -
MappedG i dFuncti on.

Thisis areferencecountedclasssothatthereis no needto keepapointerto agrid function. Usether ef er ence member
functionto make onegrid functionreferenceanother

A grid function takes someof it's dimensiondrom the MappedGridthatit is associatedvith. The index positionsin a
MappedGridFunctiocorrespondingo the dimensionf thegrid arecalledthe coordinate positions.A grid functioncanalso
have one or more componentpositionswhich indicatehow mary valuesare storedat eachgrid point. Consideran example
of a MappedGridin 2D with dimensiong - 1: 11, - 1: 11) (thesevaluesarestoredin the MappedGridin thedi nensi on
array).A MappedGridFunctiodefinedonthisMappedGridcouldhave dimensionau( - 1: 11, - 1: 11, 0: 2) . Thisgrid func-
tion u has3 componentg 0: 2), andu. posi ti onOf Coor di nat e( 0) =0, u. posi ti onCf Coor di nat e(1) =1 and
u. posi ti onOf Conponent ( 0) =2. A MappedGridFunctiorouldalsobecreatedasu( 0: 1, - 1: 11, - 1: 11) in which

caseu. posi ti onOf Coor di nat e( 0) =1, u. posi ti onOf Coor di nat e( 1) =2 andu. posi ti onOf Conponent ( 0) =0.

In the descriptionof the memberfunctionsthatfollow, MappedG i dFunct i on will standfor oneof f | oat Mapped-
G i dFuncti on,doubl eMappedG i dFuncti on,ori nt MappedG i dFunct i on. In addition,ary referencesodou-
bl e will changetof | oat ori nt.

3.1.1 Public enumerators

Herearethe public enumerators:

edgeGridFunctionValues: Usethesevaluesto createspecialRangeobjectsto definegrid functionson boundaries.

enum edgeG i dFuncti onVal ues /'l these enuns are used to declare grid functions defined on faces or edge
{

startingGidl ndex =- (I NT_MAX/ 2), /1 choose a big negative nunber assum ng that

bi gger Negati veNunber =starti ngGi dl ndex/ 2, /1 no grid will ever have dinmensions in this range

endi ngGri dl ndex =bi gger Negat i veNurrber/ 2,

bi gNegat i veNunber =endi ngGi dl ndex/ 2

stencilTypes: Herearesomesstandardtenciltypesfor coeficient matrices.

enum st enci | Types /1 if the grid function holds a coefficient matrix

{ /] these are the types of stencil that it may contain
st andardSt enci |, /1 3x3 int 2D or 3x3x3 in 3D (if 2nd order accuracy)
starStencil, // 5 point star in 2D or 7pt star in 3D (if 2nd order accuracy)

general Stenci |

h

updateRetumValue: The valuereturnedfrom the updat eTovat chGri d andupdat eToMat chGri dFuncti on is a
maskformedby a bitwiseor of thefollowing values:

enum updat eReturnValue // the return value fromupdateToMatchGid is a mask of the follow ng val ues

{
updat eNoChange

updat eReshaped
updat eResi zed
updat eConponent sChanged

/1 no changes made
/1 grid function was reshaped
grid function was resized

rNPO
-
Ny
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3.1.2 Constructors

MappedGridFunction ()

Description: Default constructor

Author: WDH

3.1.3 Constructors

MappedGridFunction(MappedGrid & grid0)

Description: Createagrid functionandassociatevith aMappedGrid.Thegrid functionwill bea”scalar”asin thedeclaration:

Range al | ;
MappedGid ng(...);
MappedG i dFunction u(ng,all,all,all);

grid0 (input): grid to associatehis grid functionwith.
Author: WDH

MappedGridFunction(MappedGrid & grido,
constRange& RO,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3=nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: This constructortakes ranges,the first 3 "nullRange” valuesare taken to be the coordinatedirectionsin the
grid function. Eachgrid function is dimensionedaccordingto the dimensionsfound with the MappedGri d, using
thedi nensi on values. Grid functionscanhave up to 8 dimensionsthe index positionsnot usedby the coordinate
dimensionganbe usedto storedifferentcomponentsFor example,a vectorgrid functionswould usel index position
for componentsvhile a matrix grid functionswould usetwo index positionsfor components.

grid0 (input): MappedGrido associatéhis grid functionwith.

RO, R1,R2, ... (input): Rangego determinethe shapeand size of the grid function. An int canalso be usedinsteadof a
Range.

Examples: Herearesomeexamples

/'l Rl =range of first dinension of the grid array
/1 R2 = range of second dinmension of the grid array
/! R3 =range of third dimension of the grid array

MappedGrid ny(...);

Range R1(ng. dimension()(Start, axi s1), ng. di nensi on() (End, axi s1));
Range R2(ng. di nension()(Start, axi s2), ng. di mensi on() (End, axi s2));
Range R3(ng.dinension()(Start, axi s3), ng. di mensi on() (End, axi s3));

Range all; /1 null Range is used to specify where the coordinates are
MappedG i dFunction u(ng); /Il -->u(Rl, R, R3);
MappedG i dFunction u(ng,all,all,all,1); /1 -> u(Rl,R2,R3,0:1);
MappedG i dFunction u(ng,all,all, Range(1,1)); /1 -> u(RL,R2,1: 1, R3);
MappedG i dFunction u(ng, 2,all); /1 ->u(0:2,R1, R2, R3);
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MappedG i dFunction u(ng, Range(0,2),all,all,all); /Il -->u(0:2,R, R, R3);
MappedG i dFunction u(ng, all, Range(3,3),all,all); /Il -->u(RL, 3:3, R, R3);

Author: WDH

MappedGridFunction(MappedGrid & gridoO,
constGridFunctionP arameters::GridFunctionType & type,
constRange& componentO=nullRange,
constRange& componentl=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: This constructoris usedto createa grid function of somestandardype. The standardypesaredefinedin the
GridFunctionRrameters::GridFunctiogpe enum,
o vertexCentered grid functionis vertex centred
e cellCentered grid functionis cell centred
o faceCenteredAll grid functioncomponentarefacecentredn all directions
o faceCenteredAxislgrid functionis facecentredalongaxisl
o faceCenteredAxis2grid functionis facecentredalongaxis2
o faceCenteredAxis3grid functionis facecentredalongaxis3
e general meanssameasvertexCenteredvhenusedin this constructor
grido (input): Usethis MappedGrid
type (input): Make thistypeof grid function.
componentO,componentl,...(input): supplyaRangefor eachcomponent.
Examples: Herearesomeexamples:
MappedGid nmg(...);
real MappedG i dFuncti on u(ng, Gi dFuncti onParaneters::vertexCentered, 2); /Il u(mg,all,all,all,?2);
real MappedG i dFunction u(ng, Gri dFuncti onParaneters: :cell Centered, 2, 3); Il u(ng,all,all,all,2,3);

real MappedG i dFuncti on u(ng, Gi dFunctionParaneters::faceCenteredAl|,2); // u(ng,all,all,all, 2, faceRange);
real MappedGr i dFunction u(ng, G i dFuncti onParaneters: :faceCenteredAl,3,2);// u(mg,all,all,all, 3,2, faceRange

Remarks: A facecenteredyrid functionalongaxis=axis(s vertex centeredalongaxisOandcell centeredlongthe otheraxes.
Author: WDH

MappedGridFunction(const MappedGridFunction & cgf,
constCopyType copyType =DEEP)

Description: Copy constructordeepcopy by default

Notes: This routinewaschange€11103to call the underlyingA++ copy constructor This wasnecessaryor functionsthat
returnarealMGF by value. On somecompilers,like the SunCC 4.2 Thesereturnby valuetemporariesvould not be
deletedimmediatelybut ratherstay arounduntil the end of scope— this could resultin a low of extra storagebeing
required.SeethetestcodeotherStuffmemoryUsage.@or examples.

Author: WDH

3.1.4 applyBoundaryConditions

void
applyBoundaryConditions( constreal & time =0.)

Description: Apply the boundaryconditionsto this grid function. This routinejust callsthe function of the samenamein the
MappedGridOperators.
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3.1.5 assignBoundaryConditionCoefficients

void
assignBoundaryConditionCoefficientsonstreal & time = 0.)

Description: Fill in the coeficientsof the boundaryconditionsinto this grid function. This routinejust callsthe function of
thesamenamein the MappedGridOperators.

3.1.6 assignBoundaryCondition

void

applyBoundaryCondition(constIndex & Components,
constBCTypes::BCNames& bcType = BCTypes::dirichlet,
constint & bc =BCTypes::allBoundaries,
constreal & forcing =0.,
constreal & time =0.,
constBoundaryConditionParameters &

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid__=0)

void

applyBoundaryCondition(constIndex & Components,
constBCTypes::BCNames& bcType,
constint & bc,
constRealArray & forcing,
constreal & time =0.,
constBoundaryConditionParameters &

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid__=0)

void
applyBoundaryCondition(constIndex & Components,
constBCTypes::BCNames& bcType,
constint & bc,
constRealArray & forcing,
realArray *forcinga[2][3],
constreal & time =0.,
constBoundaryConditionParameters &
bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid_=0)

If forcinga[side][axis]!=NULL thenusethis array otherwiseuseforcing.

void

applyBoundaryCondition(constIndex & Components,
constBCTypes::BCNames& bcType,
constint & bc,
constMappedGridFunction & forcing,
constreal & time =0.,
constBoundaryConditionParameters &

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid_=0)

Description: Apply aboundaryconditionto thegrid function. This functionjust callsthe correspondingunctionin Mapped-
GridOperatorsSeethe operatordocumentatioffior furtherdetails.

void

applyBoundaryCondition(constindex & Components,
constBCTypes::BCNames& bcType,
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constint & bc,
constRealDistributedArray & forcing,
constreal & time =0.,
constBoundaryConditionParameters &

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid_=0)

3.1.7 breakReference

void
breakReference()

Description: This membeirfunctionwill causehegrid functionto nolongerbereferencedThegrid functionacquiredts own
copy of thedata.

Author: WDH

3.1.8 dataCopy
int
dataCopy(constMappedGridFunction & mgf)

Description: copy thearraydataonly

mgf (input): setthearraydataequalto the datain this grid function.

3.1.9 Derivatives: x,y,z,XX,Xy;xz,yy,\yz,zz, laplacian,grad,dv,r1,r2,r3,r1r1,rlr2,...

MappedGridFunction

derivative(constindex & 11 =nullindex
constindex & 12 =nullindex
constindex & 13 =nullindex ,
constindex & 14 =nullindex
constindex & 15 =nullindex ,
constindex & 16 =nullindex
constindex & 17 =nullindex
constindex & 18 =nullindex

)

Description: Derivative equalsone of X,y,z,Xx,xy,Xz,yy,yz,zz,laplacian,graddrl1,r2,r3,r1r1,r1r2,r1r3,r2r2,r2r3,r3rReturn
the derivative of this grid function. This routinejust callsthe function of the samenamein the GenericMappedGridOp-
eratory(seealsosetOperators).

11,12,13 (input) : optionalargumentdo specifywherethe derivativesareevaluated In this casethereturnedgrid functionwill
only have valuesof the derivative computedat this subsebf points,othervaluesin the grid functionwill bezero.

14 (input) : evaluatethe derivative for thesecomponentshy defaultall components.

Return value: Thederiative is returnedasanew grid function. For all derivativesbut gr ad anddi v the numberof compo-
nentsin theresultis equalto the numberof componentspecifiedoy 14 (if 14 not specifiedthenthe resultwill have the
samenumberof components u). The gr ad operatowill have numberof componentgqualto the numberof space
dimensionswvhile thedi v operatowill have only onecomponent.

MappedGridFunction
derivative(constGridFunctionP arameters& gfType,
constindex & 11 =nullindex ,
constindex & 12 =nullindex ,
constindex & 13 =nullindex ,
constindex & 14 =nullindex ,
constindex & 15 =nullindex ,
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constindex & 16 =nullindex ,
constindex & 17 =nullindex ,
constindex & 18 =nullindex

)

Description: derivative equalsone of x,y,z,xx,Xy,xz,yy,yz,zz laplacian,gradi Returnthe derivative of this grid function.
TheargumentgfType determineghetype of the grid functionthatis returned.This routinejust callsthe function of the
samenamein the GenericMappedGridOperatofseealsosetOperators).

ofType (input): Thetypeof thegrid functionto bereturned.

11,12,13 (input) : optionalagumentso specifywherethederivativesareevaluated.In this casethereturnedgrid functionwill
only have valuesof the derivative computedat this subsebf points,othervaluesin the grid functionwill bezero.

14 (input) : evaluatethe derivative for thesecomponentshy defaultall components.

Return value: Thederiativeis returnedasanew grid function. For all derivativesbut gr ad anddi v the numberof compo-
nentsin theresultis equalto the numberof componentspecifiedby 14 (if 14 not specifiedthenthe resultwill have the
samenumberof components u). Thegr ad operatorwill have numberof componentgqualto the numberof space
dimensionswhile thedi v operatowill have only onecomponent.

3.1.10 Derivative Coefficients: xCoefficient,yCoefficient,...

MappedGridFunction

Derivative(constindex & 11 =nullindex,
constindex & 12 =nullindex,
constindex & 13 =nullindex,
constindex & 14 =nullindex,
constindex & 15 =nullindex,
constindex & 16 =nullindex,
constindex & 17 =nullindex,
constindex & 18 =nullindex

)

Description: Derivative equalsone of xCoeficient,yCoeficient,zCoeficient,xxCoeficient, xyCoeficient,xzCoeficient,yy-
Coeficient,yzCoeficient,zzCodficient, laplacianCodfcient,gradCodfcient,dvCoeficient. Returnthe coeficients of
thederivative. Thisroutinejust callsthefunctionof the samenamein the MappedGridOperatorseealsosetOperators).

11,12,13,... (input) : optionalagumentso specifywherethe derivativesareevaluated.In this casethe returnedgrid function
will only have valuesof thederivative computedat this subsebf points,othervaluesin thegrid functionwill bezero.

MappedGridFunction
Derivative(constGridFunctionP arameters & gfType,

constindex & 11 =nullindex,

constindex & 12 =nullindex,

constindex & I3 =nullindex,

constindex & 14 =nullindex,

constindex & 15 =nullindex,

constindex & 16 =nullindex,

constindex & 17 =nullindex,

constindex & 18 =nullindex

)

Description: Derivative equalsone of xCoeficient,yCoeficient,zCoeficient,xxCoeficient, xyCoeficient,xzCoeficient,yy-
Coeficient,yzCoeficient,zzCodficient, laplacianCodfcient,gradCodicient,dvCoeficient. Returnthe coeficients of
thederwative. Thisroutinejust callsthefunctionof the samenamein the MappedGridOperatorseealsosetOperators).

gfType (input): Thetypeof thegrid functionto bereturned.

11,12,13,... (input) : optionalalgumentgo specifywherethe derivativesareevaluated.In this casethe returnedgrid function
will only have valuesof thederivative computedat this subsebf points,othervaluesin thegrid functionwill bezero.
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3.1.11 destroy
int
destroy()

Description: Destrg this grid function. Releasall memory andresetthe grid function propertieso the default.

3.1.12 get

int

get(constGenericDataBase& dir, constaString & name)
Description: Getfrom adatabasédile. Example:

HDF_Dat aBase db;

db. mount ("nyFile. hdf","R");
MappedGid g;

real MappedG i dFuncti on u;
initializeMappingList();

g.get(db,"my grid");

u. updat eToMat chGrid(g); // **NOTE**
u. get (db, "u");

dir (input): getfrom this directoryof the database.

name (input): thenameof thegrid functiononthedatabase.

NOTE: This get function will not setthe pointerto the MappedGridassociatedvith this grid function. You should call
update®MatchGrid(...)to setthe grid BEFOREusingthis function.

3.1.13 getClassName

astring
getClassName(xonst

Description: Returntheclassname.

3.1.14 getSerialArray

doubleSerialArray &
getSerialArray()

Description: Returnthegrid functionasaserialarray In parallelreturnthelocal arraywith ghostboundaries.

3.1.15 getComponentBase

int

getComponentBase(nt component) const
Description: Getthebasefor the givencomponent.
component(input): componentiumber0,1,...

Return Values: Thebasefor the componentlUnusedcomponenthiave base=tandbound=0

3.1.16 getComponentBound

int

getComponentBound(int component) const
Description: Gettheboundfor thegivencomponent.
component(input): componentiumber0,1,...

Return Values: Theboundfor thecomponentUnusedcomponentfiave base=andbound=0
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3.1.17 getComponentDimension

int

getComponentDimensionfnt component) const

Description: Getthe dimensiorfor the givencomponentdimension=bound-base+1
component(input): componentiumber0,1,...

Return Values: Thedimensionfor the componentlUnusedcomponentfiave dimension=1

3.1.18 getCoordinateBase

int

getCoordinateBase(nt coordinate ) const
Description: Getthebasefor the givencoordinate.

coordinate (input): componenhumbey0,1,o0r 2.

Return Values: Thebasefor the coordinate Unusedcoordinatehave base=0andbound=0

3.1.19 getCoordinateBound

int

getCoordinateBound(int coordinate ) const
Description: Gettheboundfor thegivencoordinate.

coordinate (input): componenhumbey0,1,0r 2.

Return Values: Theboundfor the coordinate Unusedcoordinatediave base=0andbound=0

3.1.20 getCoordinateDimension
int
getCoordinateDimension(int coordinate ) const

Description: Getthe dimensionfor the givencoordinatedimensior= bound-base+1
coordinate (input): componenhumbey0,1,o0r 2.

Return Values: Thedimensionfor the coordinate Unusedcoordinatehave dimension=1

3.1.21 getDerivatives

void

getDerivatives(constindex & 11 =nullindex,
constindex & 12 =nullindex,
constindex & I3 =nullindex,
constindex & 14 =nullindex,
constindex & 15 =nullindex,
constindex & 16 =nullindex,
constindex & 17 =nullindex,
constindex & 18 =nullindex) const

Description: Getderivativesfor this grid function. This routinejust callsthe function of the samenamein the MappedGrid-
OperatorsSeethe documentatiorfior operatordor furtherdetails.
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3.1.22 getFaceCentering

faceCenteringType
getFaceCentering()const

Description: Getthetype of facecentering.For furtherexplanationseeset FaceCent er i ng andsection4.
Errors: none.
Return Values: faceCenteringype.

Author: WDH

3.1.23 getGridFunctionType

GridFunctionT ype

getGridFunctionType(constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex) const

Description: Returnthetypeof thegrid function.
componentO,componentl,. (input): gettypeof thegrid functioncorrespondingo thesecomponents.
Return Values: Thegrid functiontype,oneof theenumsin GridFunctionpe.

Author: WDH

3.1.24 getGridFunctionTypeWithComponents

GridFunctionT ypeWithComponents

getGridFunctionTypeWithComponents(constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex) const

Description: Returnthetype of thegrid functionwith the numberof components.

componentO,componentl,. (input): gettype of the grid function correspondingo thesecomponents.By default (if no
argumentsare given) the numberof componentwill be equalto the numberof componentshatthe grid functionwas
madewith. Otherwisethe numberof componentswill equalthe numberof agumentsthat have beenpassedo this
routine(actuallythe numberof agumentghatarenot a nullindex)

Return Values: Thegrid functiontypewith numberof componentspneof theenumsn GridFunctionRrameters::GridFunctiogpeWith(

Note: In afaceCenteredAlyrid function, the positiontaken by the faceRangeloesnot countasa componenfor the value
returnedby this routine.

MappedGid ng(...);

Range al | ;

f1 oat MappedG i dFuncti on u(nyg, fl oat MappedG i dFuncti on: :faceCenterAll, 2);
u.get G i dFuncti onTypeW t hConponents(); // == faceCenterA | WthlConponent
u. get Nunmber Of Conponent s() ; /[l ==

Author: WDH
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3.1.25 getlsCellCentered

bool

getlsCellCentered(constindex & axisO=nullindex,
constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex) const

Description: Determinethecell centerednessf a grid function.

axisO(input): if axisO=nullinde (default) thenall axesarechecled

componentO(input): if componentO=nullinde(default) thenall componentsrechecled
componentl(input): if componentl=nullinde(default) thenall componentsrechecled
component2(input): if component2=nullinde(default) thenall componentsarechecled
component3(input): if component3=nullinde(default) thenall componentgarechecled
component4(input): if component4=nullinde(default) thenall componentgarechecled
Return Values: TRUE or FALSE

Detailed Description: A MappedG i dFunct i on canbeusedfor finite differenceandfinite volumecodes.Finite volume
codesoftenrequirethatthe grid functionbe cell-centeredBy defaulta MappedG i dFunct i on will becell-centered
if theMappedG i d is cell-centeredr vertex-centeredf theMappedGri d is vertex-centered.

Finite-wlume codesoftenrequiregrid functionsthat areface-centeredln orderto supportall the variouspossibilities
onecan,in general specifythata grid functionbe cell-centeredor not) in someor all of the coordinatedirections.Use
the memberfunctionset | sCel | Cent er ed to setthe “centerednessbf eachcomponenbf the grid function. Use
get | sCel | Cent er ed functionto inquirethe centerednessf eachcomponenbf a grid function.

Sinceface-centeredrid functionsare common,the function set | sFaceCent er ed( axi s, conponent) canbe
usedto createa face-centeredrid functionin the coordinatedirection“axis” for a given component.(A face-centered
grid functionis vertex centeredn the “axis-direction”andcell-centeredn the otherdirections). Thefunctionget | s-
FaceCent er ed canbeusedto determingf agrid functionis facecenteredn a givendirection.

For example

real MappedGri dFuncti on u(ng, 3); /1 a grid function with 3 conponents
int axi s=0, conponent =0;
u. setlsCel |l Cent ered( TRUE, axi s, component); // make u cell centred along axis O for conponent O

axi s=1; conponent =1;
u. setlsCel |l Cent er ed( FALSE, axi s, conmponent); // make u vertex centred along axis 0 for conponent 1

/1 inquire the cell-centredness
cout << "u.getlsCell Centered(axis,conponent) =" << u.getlsCell Centered(axis,0) << endl;

u. set | sFaceCent ered( axi s, conponent ); /1 make u face-centered along axis for a conponent

For furtherexplanationseesection4.

Author: WDH
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3.1.26 getlsFaceCenteed

bool

getlsFaceCenteed(constint & axisO=forAll,
constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex) const

Description: Determinef agivencomponenbf this grid functionis face-centredlongagivenaxis. By defaultcheckall axes
andall components.

axis0: checkif the componentsarefacecentredalongthis axis. By default checkif the componentarefacecentredin ANY
direction.

componentO,componentl,...(input): checkthevaluefor thesecomponentshy default checkall components.

3.1.27 getMappedGrid

MappedGrid*
getMappedGrid(constbool abortlfNull =TRUE) const

Description: Returnapointerto the MappedGridthatthis grid functionis asscoaiatedith By default this functionwill abort
if the pointeris NULL.

Return values: A pointerto aMappedGridor NULL

3.1.28 getName

aString

getName(consint & componentO=defaultValue,
constint & componentl=defaultValue,
constint & component2=defaultValue,
constint & component3=defaultValue,
constint & component4=defaultValue) const

Description: Getthe nameof thegrid functionor acomponengsin

aString nameOf Gi dFunction = u. get Name();
asString nameCf Conmponent 0 = u. get Nane(0);
aString naneOf Conponent 1 = u. getName(1);

name: thenameof thegrid functionor component.

componentO,componentl,(input): getthe namefor this component.if all of component0,componentl,componentdie-
faultValuethenthe nameof the grid functionis returned. Otherwisethe default value becomeghe basevaluefor that
component.

3.1.29 getNumberOfComponents

int

getNumberOfComponents()const

Description: returnthe numberof component$0=scalay1=vectot 2=matrix,...).

Return Values: Valid valuesareO0,...,5

Examples: Herearesomeexamples.Notethe specialcasefor grid functionscreatedwith af aceRange, thef aceRange
positiondoesNOT countasa component.
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MappedGid ng(...);
Range al | ;

f | oat MappedG i dFuncti on
f | oat MappedG i dFuncti on
f1 oat MappedG i dFuncti on
f | oat MappedG i dFuncti on
f | oat MappedG i dFuncti on
fl oat MappedG i dFuncti on

Author: WDH

3.1.30 getOperators

MappedGridOperators*
getOperators() const

u(ng);

u(ng,all,all,all);

u(ng,all,all,all,1);

u(ng,all,all,all,2,2);

u(ng,all,all,all,faceRange);
Il

u(ng,all,all,all, 3, faceRange);

Description: getthe operatoraisedwith this grid function. ReturnNULL if therearenone.

3.1.31 isNull

bool
isNull()

Description: ReturnTRUE if this grid functionis null (hasno grid associateavith it).

Return value: ReturnTRUE if this grid functionis null, otherwisereturnFALSE.

3.1.32 link

void

link(const MappedGridFunction & mdf,
constRange& RO =nullRange,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3=nullRange,
constRange& R4 =nullRange)

Description: Thel i nk membeifunctioncanbeusedto link a grid functionto a specificcomponentf anothemrid function.

mgf (input): link to this

RO, R1,...,R4 (input): indicatewhichcomponentso link to. Notethatthe Rangedor thelinkedgrid functionalwaysstartat

0. Useupdate®MatchGridFunctiorio changethis.

Examples: A link is sort of like a referencesincethe array datais shared. NOTE that a link canonly be madeto a grid
functionwhosecomponent@appearat the endof the array (position3 for 3D grid functionsor positions2 or 3 for 2D

11
/11
11
/1
I
11

R ONEF OO

conponent s
conponent s
conponent
conmponent s
component s
conponent

grid functions).Links canalsobe madeto morethanonecomponentsprovided the componentgarecontiguous.

(1) Linking to avectorgrid function:

MappedGid ng(...);
Range RO(O0, 3);

f |l oat MappedGri dFunction u(ng,all,all,all, R0);

f | oat MappedG i dFuncti on v;

v.link(u, Range(0,0)); /1 link to conmponent 0 of u
v. link(u, Range(0, 1)); /1 link to conponents 0 and 1 of u
v.link(u, Range(2,2)); /1 link to conmponent 2 u

(2) Linking to amatrix grid function:
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MappedGid ng(...);

Range RO(O, 3), R1(0,2);

fl oat MappedGri dFunction u(ng,all,all,all,R0,Rl); // uis a 2D matrix grid function
v.link(u, Range(1,1)); /1 link to matrix element (1,0) -> v(all,all,all,0:0,0:0)
v.link(u, Range(1, 1), Range(2,2)); // 1link to component (1,2) -> v(all,all,all,0:0,0:0)
v.link(u, RO, Range(2, 2)); /1 link to conponents (R0,2) -> v(all,all,all,0:3,0:0)

v. link(u, Range(1, 1), Range(0, 2)); /1 **ERROR** these val ues are not contiguous

Errors: Attemptto link to invalid components.
Return Values: none.
Notes: Thelinkeefunctionwill acquirethe sameoperatorsasthefunctionbeinglinkedto.

Author: WDH

3.1.33 multiply(a,coeff)

MappedGridFunction &
multiply( constMappedGridFunction & a_, constMappedGridFunction & coeff )

Description: Multiply agrid functiontimesa coeficient matrix. Usethis functionto multiply a scalargrid function”a” times
acoeficientmatrix "coeff’. Theresultis savedin coef andreturnedby reference.

coeff(M11,12,13) <- a(l1,12,13)*coeff(MI1,12,13)

a_(input) : ascalargrid function.

coeff_ (input/output) : agrid functionin the shapea coeficient matrix (1 componenin position0) This agumentis NOT
constbut it wasmadeto to preventsomecompilerwarnings.

Return value: areferenceo coef

3.1.34 multiply(a,coeff)

MappedGridFunction &
multiply( constdoubleDistributedArray & a_, constMappedGridFunction & coeff )

Description: Multiply anarraytimesa coeficientmatrix. Usethis functionto multiply a”scalar”array”a” timesa coeficient
matrix "coeff”. Theresultis savedin coef andreturnedby reference.

coeff(M11,12,13) <- a(l1,12,13)*coeff(MI11,12,13)

a_(input) : anarraywith thesamedimensionsasa grid function.

coeff_ (input/output) : agrid functionin the shapea coeficient matrix (1 componenin position0) This argumentis NOT
constbut it wasmadeto to preventsomecompilerwarnings.

3.1.35 numberOfComponents

constint&
numberOfComponents()const

Return value: the numberof component$0=scalayl=vector ...)

3.1.36 numberOfDimensions

constint&
numberOfDimensions()const

Return value: thenumberOfDimensionef thegrid function (equalto thedomaindimensionof thegrid)
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3.1.37 operator = MappedGridFunction

MappedGridFunction &
operator= ( constMappedGridFunction & cgf)

Description: Setonegrid function equalto another This is a shallav copy whereonly the array datais copied. An error
occursif the two grid functionsare not conformable. This operationhasthe sameaffect asthe dat aCopy memeber
function. An exceptionto this rule is whenthe grid function to the left of the equalsoperatoris a ‘null’ grid function
(onethathasno grid associatedvith it suchasagrid functionbuilt by the default constructor).In this casea deepcopy
is performed.

Examples: Herearesomeexamples

MappedGid nmg(...);
real MappedG i dFuncti on u(ng), v(ng), w

| ndex |;

u=1.;

V=U; /1 only the data is copied

W=U; /1 this is a deep copy since wis a ‘null’ grid function.
U=v+w, /1 does NOT call this = operator, uses grid-function=A++ array
u=v(l)+w(l); /1 does NOT call this = operator, uses grid-function=A++ array
u=3; /1 does NOT call this = operator, uses grid-function=scal ar
u(l)=v(l)+v(l); /1 does NOT call this = operator, uses A++ =

u. dat aCopy(Vv+w) ; /1 only copies array data (sanme as u=v+w; in this case)

u. updat eToMat chGri dFunction(v); // this is a real deep copy.
real MappedG i dFunction a = u; // does NOT call this = operator, calls copy construct

3.1.38 operator = double

MappedGridFunction &
operator= ( constdouble x )

Description: Setthevaluesof agrid functionequalto ascalar

3.1.39 operator = doubleDistributedArray

MappedGridFunction &
operator= ( constdoubleDistributedArray & X))

Description: Setthevaluesof agrid functionequalto anA++ array The operatiormustbe conformableor elsean A++ error
will begenerated.

3.1.40 periodicUpdate

void

periodicUpdate(constRange& CO =nullRange,
constRange& C1 =nullRange,
constRange& C2 =nullRange,
constRange& C3=nullRange,
constRange& C4 =nullRange,
constbool & derivativePeriodic =FALSE)

Description: Swap periodicedgesof thegrid function. Assignvaluesto si de=1 boundarylines
iaxis = mg.gridIndexRange()(1,axis) axis =0, 1,.., mg.number0fDimensions

(mg is the MappedG i d associatedvith this grid function) aswell asall ghostlines on all sidesthat have periodic
boundaryconditions.
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C0,C1,...C4(input) : specifywhich components$o update By default updateall components.

derivativePeriodic (input): if TRUE we assumehatthegrid functionis notactuallyperiodicbut thatonly it's derivative is —
like thegrid functionfor thevetrex arrayon a periodicsquare.

3.1.41 positionOfFaceCentering

constint& positionOfFaceCentering()const

Return value: theindex position,(0,1,2,..)of thefacecentering.

3.1.42 put
int
put( GenericDataBase dir, constaString & name)const

Description: Outputa grid functionontoadatabaséile
dir (input): putontothisdirectoryof thedatabase.
name (input): thenameof thegrid functiononthedatabase.

Notes:
First somedefinitions

e N=maxi numNunber & | ndi ci es Themaximumnumberof dimensionsn agrid function (currentvalue=8).
e Na=nunber O | ndi ci es Themaximumnumberof A++ dimensiongcurrentvalue=4).

Herearetheitemsthataresavedin a database.

numberOfComponents (int) The numberof componentndicesin the grid function: 0 for a scalarl for a vector, 2 for
amatrix etc. Currentlytherecanbe at most5 components.The default valueandthe valuefor unusedentriesis
N=maxi munNunmber O | ndi ci es.

positionOfCoordinate (IntegerArray(N)) posi ti onCOf Coor di nat e(i) holdsthe index in the array (numbered
startingfrom 0) of the 3 coordinatepositions,i = 0, 1,2. The default value andthe valuefor unusedentriesis
N=maxi mumNunber O | ndi ci es.

positionOfComponent (IntegerArray(N))posi t i onOf Conponent (i) holdstheindex in thearray(numberedtart-
ing from 0) of the componenpositions,; = 0,1, ..., N — 1. Thedefault valueandthe valuefor unusedentriesis
N=maxi munNunmber O | ndi ci es.

Examples:

MappedGid ng(...);

Range all;

real MappedGri dFunction u(ng,all,all,all);

--> nunber O Conponent s=0

--> positionOf Coordi nat e(0)=0, positionOCoordinate(l)=1, positionO Coordi nate(2):
real MappedGi dFunction u(ng, 2,all,all,all);

--> nunber O Conponent s=1

--> positionO Coordi nate(0)=1, positionO Coordinate(1l)=2, positionO Coordinate(2):
--> positionCO Conponent (0) =0

real MappedG i dFunction u(ng,all,2,all,3,all,4);

--> nunber O Conponent s=3

--> positionOf Coordi nat e(0) =0, positionO Coordinate(l)=2, positionO Coordinate(2):
--> positionO Conmponent (0)=1, positionO Conponent (2)=3, positionO Conmponent(3)=

positionOfFaceCentering (int) For a facecentredgrid function of standardype this is the index positionof the face
centering For all othertypesof grid functionsthis hasa valueof —1.

faceCentering (enumfaceCenteringype) Thefacecenteringtypefor the grid function. Default valueis none= —1.
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numberOfDimensions Thenumberof spacedimensions], 2, or 3.

isACoefficientMatrix (bool) If TRUE (=1) thenthis s a coeficient matrix, defaultis FALSE (=0).

stencilType (enumsStencilTypes)Thetypeof stencilfor a coeficient matrix, defaultis st andar dSt enci | (=0).
stencilWidth (int) Thestencilwidth for a coeficient matrix, default value= 0.

R[i].base (int) (i =0, 1, ..., N) Thebaseof theRangeobjectR[ i ] which holdsthebaseandboundfor index position
1. For unusedpositionsthe defaultis 0. Thereis one extra Range,R[ N =Range( 0, 0) which exists just for
corvenience.

R[i].bound (int) (i =0, 1, ..., N) Theboundof the RangeobjectsR] i ] . For unusedndex positionsthedefaultis O.

Rali].base (int) (i =0, 1, . .., N4- 1) The baseof the RangeobjectsRa[ i ] which holdsthe actualbaseandbound

for index position: of the A++ array(from which the grid functionis derived). CurrentlyA++ arrayshave only 4
dimensionssowe compresghe final 5 dimensionsof a grid functionto be storedin the last A++ dimension.For
unusedpositionsthedefaultis 0.

Ra[i].bound (int) (i =0, 1, ..., N4- 1) Theboundof theRangeobjectRa[ i ] . For unusedoositionsthedefaultis 0.

Rcli].base (int) (i =0, 1, 2) The baseof the RangeobjectsRc[ i ] which hold specialinformationaboutthe baseand
boundfor the coordinatedirections.Thesearerequiredfor grid functionsthatonly live on boundariesThe default
valueis 0.

Rc[i].bound (int) (i =0, 1, 2) Theboundof theRangeobjectsRc|[ i ] . Thedefaultvalueis —1.
numberOfNames (int) Thenumberof nameghataresaved. (seenext item).
name[i] (aString)(i =0, 1, . . ., nunber O Names- 1) Thenamedor thegrid functionandits components.

isCellCentered (IntegerArray(3(C,,C1,C2)) The cell centerednesf/1) in eachcoordinatedirectionfor eachcompo-
nent. Currentlywe only save theinfo for 3 componentgwhenA++ is fixedfor 8 dimensionsve will save theinfo
for 5 components)For a vertex centeredyrid the default valuesareall 0. In termsof the othervariablesdescribed
heretheisCellCenteredrrayhasdimensions:

i sCel | Centered. redi n{ 3, R positionO Conponent (0)],
R[ posi ti onOf Conponent (1) ],
R[ posi ti onOf Conponent (2)]);

andthusC;=R[ posi ti onOf Conponent (i)].
arrayData (A++ array)Thisis the A++ arraythatholdsthe actualarray-datdor this grid function.

3.1.43 reference

void
reference(consMappedGridFunction & cgf)

Description: Usethisfunctionto referenceoneMappedGridFunctioto another Whentwo (or more)grid functionshave been
referencedhey sharethe samearraydatasothatchangego onegrid functionwill changeall the otherreferencedyrid
functions.Only thearraydatais referencedOtherpropertieof thegrid functionsuchascell-centrednessanbechanged
in the referencedyrid function. The "shape”of the referencedyrid function canalsobe changedwithout changingthe
referenceegf .

Author: WDH

3.1.44 Standard argumentfunction, sa

double &

sa(constint & i0,
constint & i1,
constint & i2,
constint & c0=0,
constint & c1=0,
constint & c2=0,
constint & ¢3=0,
constint & c4=0) const
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Description: The sa, "standardargument” function permutesthe argumentsto that you can always refer to a function as
u(coordinate(0),coordinate(1),corrdinate(2),component{ponent(1),...)

i0, i1, i2 (input): index valuesfor thethreecoordinates
c0,cl,...(input): index valuesfor thecomponents

Return Values: Thevalueof thegrid function.

3.1.45 setFaceCentering
void
setFaceCentering(constint & axis =defaultValue)

Description: Setthetype of facecenteringthe behaiour of this functiondepend®n whetherthe agument’axis” hasbeen
specifiedor elseif the currentvaluefor getFaceCentering().

axis (input): 1. if "axis” is giventhenmale all component$acecentredn direction=axis

2. if getFaceCentering()==all make componentfacecenteredn all directions,the grid function shouldhave been
contructedor updatedusingthe faceRangeéo specifywhich Index is to be usedfor the"directions”

For furtherexplanationseesection4.

Author: WDH

3.1.46 setlsACoefficientMatrix

void
setlsACoefficientMatrix(const bool trueOrF alse=TRUE,
constint stencilSizeO= defaultValue,
constint numberOfGhostLines=1,
constint numberOfComponentsForCoefficients=1,
constint offset=0)

Description: Indicatewhethera grid function holds a coeficient matrix. ALso usethis routineto updatethe sparsematrix
representatiowhenthegrid haschanged(Call this routine AFTER calling update ®MatchGrid)

trueOrF alse(input): TRUE meanghis grid functionis a coeficient matrix

stencilSizeQ(input): Thisis thestencilsizefor the coeficient matrix. By defaultthe stencilsizeis 3 in 1D, 9 in 2D and27 in
3D.

numberOfGhostLines (input): indicatesthe numberof ghost-lineson which therewill equationsgdefinedin the coeficient
matrix.

numberOfComponentsForCoefficients(input): This is the dimensionof the systemof equationghatis representedh the
matrix.

offset(input): Thisis anoffsetto usewhennumberingheequationsThisvaluewould beusedwvhentheMappedGridFunction
is really partof a CompositeGRidFunction.

Author: WDH

3.1.47 setlsACoefficientMatrix

void
setlsACoefficientMatrix(SparseRepForMGF *sparseRep)

Setthe currentsparseRepresentationThis is normally only usedinternally andby the gridCollectionFunctiorso thatit can
referencahe multigrid andrefinementevel lists properly
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3.1.48 setlsCellCenteed

void

sdtlsCellCenteed(constbool trueOrF alse,
constindex & axisO=nullindex,
constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex)

Description: Changethe cell centered-nessf thegrid function. By default setall components.
trueOfFalse(input): malke cell-centredbr not.
axis0: setthevaluefor this axis,by default setall axes.

componentO,componentl,(input): setthevaluefor thesecomponentshy default setall components.

3.1.49 setlsFaceCenterd

void

setlsFaceCenteed(constint & axisO=forAll,
constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex)

Description: Make acomponenbf agrid functionfacecentredalongthegivenaxis. A facecenteredyrid functionalongaxisO
is vertex centeredhlongaxisOandcell centeredalongthe otheraxes.

axis0: setthevaluefor this axis,by default setall axes.

componentO,componentl,(input): setthevaluefor thesecomponentshy default setall components.

3.1.50 setName

void

setName(constaString & name,
constint & componentO=defaultValue,
constint & componentl=defaultValue,
constint & component2=defaultValue,
constint & component3=defaultValue,
constint & component4=defaultValue)

Description: Setthe nameof thegrid functionor acomponengsin

u. set Nane("naneCf Gri dFunction");
u. set Nane( " naneCf Conponent 0", 0) ;
u. set Nane( " naneCf Conponent 1", 1) ;

name: thenameof thegrid functionor component.

componentO,componentl,...(input): givethenamefor thiscomponentif all of component0,componentl,componentele-
faultValuethenthe nameof the grid functionis set. Otherwisethe default valuebecomeghe basevaluefor thatcompo-
nent.
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3.1.51 setOperators

void
sdatOperators(GenericMappedGridOperators& operators0)

Description: Supplyaderivative objectto usefor computingderivativeson all componengrids. This operatoris usedfor the
memberfunctions.x .y .z .xx .xy etc.

operators0: usetheseoperators.

3.1.52 setUpdateToMatchGridOption

void
setUpdateToMatchGridOption( constUpdateToMatchGridOption & updateToMatchGridOption )

Description: Specifywhatshouldbe updatedvhencallsaremadeto update®MatchGrid

updateToMatchGridOption (input): A combination(usingthe— operation)of thefollowing options:

enum Updat eToMat chGri dOpti on
{

updat eSi ze=1,

updat eCoef fi ci ent Matri x=2
1

Thedefaultisupdat eToMat chGri dOpti on= updat eSi ze | updateCoefficientMatrix.

3.1.53 updateToMatchGrid

updateRetumValue
updateToMatchGrid()

updateRetumValue

updateToMatchGrid(const Range& RO = nullRange,
constRange& R1 = nullRange,
constRange& R2 = nullRange,
constRange& R3 = nullRange,
constRange& R4 = nullRange,
constRange& R5 = nullRange,
constRange& R6 = nullRange,
constRange& R7 = nullRange)

updateRetumValue

updateToMatchGrid(MappedGrid & gridO,
constRange& RO,
constRange& R1 = nullRange,
constRange& R2 = nullRange,
constRange& R3 = nullRange,
constRange& R4 = nullRange,
constRange& R5 = nullRange,
constRange& R6 = nullRange,
constRange& R7 = nullRange)

Description: Updatea grid function. Optionally specifya new grid andnewv Ranges.
grid0 (input): updateto matchthis grid.
RO, R1, ... (input): UsetheseRangeobjectsto determinehegrid functiondimensions.

Return Values: Returnavaluefrom theenumeratoupdat eRet ur nVal ue:
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enum updat eReturnValue // the return value from updateToMatchGid is a nmask of the
| owi ng val ues
{
updat eNoChange
updat eReshaped
updat eResi zed
updat eConponent sChanged
si zed or reshaped)

b

/1 no changes nade

/1 grid function was reshaped

/1 grid function was resized

/'l conponent dinensions may have changed (but grid w

ANV PFPO

Author: WDH

updateRetumValue
updateToMatchGrid(MappedGrid & gridO,
constGridFunctionP arameters::GridFunctionType & type,
constRange& componentO,
constRange& componentl=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor

updateRetumValue
updateToMatchGrid(MappedGridData & gridO,
constGridFunctionP arameters::GridFunctionType & type,
constRange& componentO,
constRange& componentl=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructar

updateRetumValue

updateToMatchGrid(const GridFunctionT ype & type,
constRange& componentO,
constRange& componentl=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor

updateRetumValue
updateToMatchGrid(MappedGrid & grido,
constGridFunctionP arameters::GridFunctionType & type)

Description: Usethis updatefunctionto createa grid functionof a giventype,the componentareleft unchanged.

updateRetumValue
updateToMatchGrid(const GridFunctionT ype & type)

Description: Usethis updatefunctionto createa grid functionof a giventype,the componentsreleft unchanged.
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3.1.54 updateToMatchGridFunction

updateRetumValue
updateToMatchGridFunction(const MappedGridFunction & cgf)

updateRetumValue

updateToMatchGridFunction(const MappedGridFunction & cgf,
constRange& RO,
constRange& R1=nullRange,
constRange& R2 =nullRange,
constRange& R3=nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: Updatethis grid functionto matchanothergrid function (this is like usingthe = operatorbut it avoids copying
thearraydata)

cgf (input): matchto this grid function.

RO, R1, ... (input): optionalrangego changehedimensions.

3.1.55 sizeOf

real
sizeOf(FILE *file = NULL) const

Description: Returnnumberof bytesallocatedby this object;optionally print detailedinfo to afile
file (input) : optinally supplyafile to write detailedinfo to. Choosdile=stdoutto write to standardutput.

Return value: the numberof bytes.

3.1.56 fixupUnusedPRoints

int

fixupUnusedpoints(constRealArray & value = nullRealArray(),
int numberOfGhostlines=1)

Description: Assignvaluesto pointson a grid function that correspondo unusedpoints (mask==0). By default all unused
pointsaresetto zero.Usethevaluearrayto setunusedointsto particularvalues.

values(input) : if supplied,assignvalue(n)to unusedpointsof component anddo not changeary componentsiot foundin
value.If notsuppliedsetall unusedpointsto zero.

numberOfGhostLines (input) : Indicatehow mary ghostlinesareusedin the computation.Otherghostline valueswill all
besetto zero.

In the following, “t ype” will meanoneof fl oat, doubl e ori nt. The mostcommonlyusedconstructortakes a
MappedG i d andan optionalsequencef Ranges (or int’s). The optionalRange argumentsindicatethe positionsof the
coordinategndthe positionsanddimension®f arny components.

t ypeMappedG i dFuncti on() default constructor
typeMappedG i dFuncti on( MappedGid & mappedGid,
Range & RO=nul | Range, thisarg canbeanint, or Range

Range & Rl=nul | Range,
Range & R2=nul | Range,

Range & R7=nul | Range, )

t ypeMappedGr i dFuncti on( MappedGid & mappedGid, Old styledeclaration,THIS WILL GO AWAY
i nt nunber OF Conponent s=1,
i nt positionO Conponent =default )
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Eachgrid functionis dimensionedccordingto the dimensiondoundwith the MappedGr i d, usingthedi nensi on values.
Grid functionscanhave up to 8 dimensionsthe index positionsnot usedby the coordinatedimensionscanbe usedto store
differentcomponents.For example,a vectorgrid functionswould usel index positionfor componentsvhile a matrix grid
functionswould usetwo index positionsfor componentsHerearesomeexamples

/!l Rl =range of first dinmension of the grid array
/!  R2 = range of second di nension of the grid array
/1 R3 = range of third dimension of the grid array

MeppedGrid my(...);

Range R1(ng.dinension(Start, axi s1), ng. di mensi on( End, axi s1));
Range R2(ng. di nension(Start, axi s2), ng. di mensi on( End, axi s2));
Range R3(ng.dinension(Start, axi s3), ng. di mensi on( End, axi s3));

Range all; /1 null Range is used to specify where the coordinates are
MappedG i dFunction u(ng); /Il -->u(Rl, R, R3);
MappedGri dFunction u(ng,all,all,all,1); /Il -->u(n, R, R,R3,0:1);
MappedG i dFunction u(ng, all, all, Range(1,1)); /Il -->u(n, R, R, 1:1, R3);
MappedG i dFunction u(ng, 2,all); /Il -->u(n,0:2,Rl, R, R3);
MappedG i dFuncti on u(ng, Range(0,2),all,all,all); /Il -->u(n,0:2,Rl, R, R3);
MappedG i dFunction u(ng, all, Range(3,3),all,all); /Il -->u(n,RL, 3:3, R, R3);
3.2 Examples

In this examplewe shov how to definea grid function usinga MappedGri d, how to assignthe grid function with A++
operationshow to referenceonegrid functionto anothermndhow to setandgetnamedor thegrid functionandits components.

”MappedGrid cg(...); /! here is a mapped grid
f1 oat MappedG i dFunction u(cg), v;

u=5.;

I ndex 1(0, 10);

u(l,1)=3.;

v.reference(u); /1l v is referenced to u

v=7.; /'l changes u as well

v. breakReference(); // v is no longer referenced to u
v=10. ; /1 v changed but not u

/!l Here is howto dimension a grid function after it has been decl ared:
fl oat MappedG i dFuncti on w;

Range al | ;

i nt nunber O Conponent s=2;

w. updat eToMat chGid( cg,all,all,all, nunber O Conponents );

/1 give names to the grid function and conponents

w. set Nane("w") ; /1 name grid function

w. set Nane("w. 0",0); // name conponent O

w. set Nane("w. 1",1); // name conponent 1

cout << w.getNane() << "," << w. getName(0) << "," << w. getNane(1l) << endl;

3.3 Grid functions definedon boundaries

Grid functionscanbe createdso that they are definedon the boundaryof a grid, or on the boundaryand somenumberof
neighbouringgrid lines. For example,you maywantto storethe normalvectorson a givenboundaryof a grid.

To specifywhichboundaryagrid functionliveson onemustcreateor updatethegrid functionwith a Rangeobjectthatwas
createdn aspecialway. This specialRangeobjectis usedin placeof an“all” Rangeobject.Grid functionsdefinedin this way

canbecorrectlyupdatedvhenthe numberof pointson thegrid changes- they will still live ontheappropriatdboundary
Herearesomeexampled(file / hone/ henshaw Overt ur e/ gf / edge. O

/1
/1 Denonstrate how to use grid function that are defined on the edge of grid
/1
#i ncl ude "Overture.h"

A WNPF
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#i ncl ude "ConpositeGidOperators. h"

int
mai n(int argc, char *argv[])

{

Overture::start(argc,argv); // initialize Overture
cout << "Starting test...\n";

asString naneO OGFi | e;
cout << " >>>>>Testing the Edge GidFunctions " << endl;

cout << "Enter the nane of the conposite grid file (in the ogen directory)" << endl;
cin >> nameO OGFi | e; nameOf OGFi | e="/ user s/ henshaw res/ cgsh/" + nameO OGFi | e;

ConpositeGid cg;
get Fr omADat aBase( cg, nameCf OGFi | e) ;
cg. update();

MappedGid & ng = cg[0];
Range al | ;

/Il first define a some |ocal variables so we can shorten the nanes
real MappedG i dFunction: : edgeG i dFuncti onVal ues startlndex =real MappedG i dFunction::startingGi dl ndex;
real MappedG i dFuncti on: : edgeG i dFuncti onVal ues endl ndex =r eal MappedG i dFuncti on: : endi ngG i dl ndex;

I

/1 define a grid function that lives on the face: (side,axis)=(0,0)
I

Range S(startlndex, startlndex);

real MappedG i dFunction u(ng, S,all,all);

u=1.;

u.display("Here is u(ng,S,all,all)");

u. periodi cUpdat e();

/1

/1 change the grid function to live on the face (side,axis)=(0,1) and include nei ghbouring grid |lines
/1

u. updat eToMat chGri d(ng, al | , Range(startlndex-1, startlndex+1));

u=2.;

u. di spl ay("u. updat eToivat chG i d(ng, al | , Range(startlndex-1,startlndex+1))");

u. periodi cUpdat e();

11

/1 define another grid function to live on the face (side, axis)=(1,0)
Range E(endl ndex, endl ndex) ;

real MappedG i dFunction v(ng, E all,all);

v=3.;

v.display("Here is v(ng,Eall,all)");

v. peri odi cUpdat e();

v=3. *v;
v.display("Here is v=3*v =9?");
eval uate(3.*v).display(" eval uate(3.*v) =27?");

/1

/1 Now neke the grid function live on a corner (or edge in 3d)
/1

v. updat eToMat chGid(ng, S, E all);

v=4.;

v.display("Here is uLeftRight(ng, S, E all)");
v. peri odi cUpdat e();

Overture::finish();
return O;
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3.4 Grid Functionsthat hold coefficientmatrices

A MappedGridFunctiomanbe usedto hold the coeficientsfor a sparsematrix.

reekkkkkkx NOTE: This sectionis purely hypothetical. | am recording somepossiblewaysto interface to the coeffi-
Cient matrices *kkkkkkkkkkkkkkkk

Hereis a standardvay to storethe coeficients:

*¥*xx%% this does not work yet *xx*x*
MappedGid ng(...);
nunber O St enci | Coef fi ci ent s=pow( 3, ng. nunber O Di nensi ons) ; /1 9 or 27 points
real MappedG i dFuncti on coef f (nunber Of St enci | Coefficients,all,all,all);
coeff.setlsACoefficientMatrix(standardStencil); /1

fill in coeff matrix here ....
Index 11,12,13;

get I ndex(ng. gri dl ndexRange, 11,12,13);
real MappedG i dFunction u(ng), residual (ny);

intArray & so = coeff.stencil Offset; /1 these values indicate the offsets

/1

/1 Here is how the residual can be conputed

/1

11 residual (11,12,13) = SUMcoeff(m11,12,13) * u(l1l+so(0,m,I2+so(1,m,I3+s0o(2,m)
/1 m=0

/1

residual (11,12,13) = coeff(0,11,12,13)*u(l1+s0(0,0),!2+s0(1,0),13+s0(2,0))
+coeff(1,11,12,13)*u(l1+s0(0,1),12+s0(1,1),13+s0(2,1))
+coeff(2,11,12,13)*u(l 1+s0(0, 2),12+s0(1,2),13+s0(2,2))
+coeff(3,11,12,13)*u(l 1+so(0, 3),12+s0(1,3),13+s0(2,3))
+coeff(4,11,12,13)*u(l1+s0(0,4),12+s0(1,4),13+s0(2,4))
+coeff(5,11,12,13)*u(l1+s0(0,5),12+s0(1,5),13+s0(2,5))

etc ....
/1
/1l Here is another way which assunmes it is a standard 3x3x3 stencil
/1

intArray val ue(Range(-1, 1), Range(-1, 1), Range(-1,1));
for( int nB=-1; nB<=1; nmB++ )
for( int m2=-1; nmR<=1; nR++ )
for( int nl=-1; ml<=1; ml++ )
{
val ue(ml, n2, n8) =coef f. coefficientPosition(ml, n2, nB);
assert ( val ue(mi, n2, n8)>=0 ); /1 check for any errors in conmputing the coefficient position

}

residual (11,12,13) = coeff(value(-1,-1,-1),11,12,13)*u(l11-1,12-1,13-1)
+coeff(value( 0,-1,-1),11,12,13)*u(l1 ,12-1,13-1)
+coef f(value(+1,-1,-1),11,12,13)*u(l1+1,12-1,13-1)
+coeff(value(-1, 0,-1),11,12,13)*u(l1-1,12 ,13-1)
+coeff(value( 0, 0,-1),11,12,13)*u(l1 ,12 ,13-1)
+coef f (value(+1, 0,-1),12,12,13)*u(l1+1,12 ,13-1)
etc ...

Hereis how we handlesystemf equations

*xxx%% this does not work yet **xx*

MappedGid nmg(...);

nunmber O Conrponent s=2;

nurber O St enci | Coef fi ci ent s=pow( 3, ng. nunber & Di nensi ons) ; /1 9 or 27 points

real MappedG i dFuncti on coef f (nunber O Conponent s*nunber Of St enci | Coefficients,all,all,all);

38



coeff.setlsACoefficientMatrix(standardStencil, nunber Of Conponent s) ; 11
fill in coeff matrix here ...
Index 11,12,13;

get | ndex(ng. gri dl ndexRange, 11,12,13);
real MappedGi dFunction u(ng,all,all,all,?2),residual (ng,all,all,all,?2)

intArray & so = coeff.stencil Offset; /1 these values indicate the offsets

intArray & ¢ = coeff.stencil Conponent; // these val ues indicate the component

/1

/!l Here is how the residual can be conputed

/1

11 residual (11,12,13) = SUMcoeff(m11,12,13) * u(l1l+so(0,m,I2+so(1,m,|3+s0(2,m)
I m=0

/1

residual (11,12,13) = coeff(0,11,12,13)*u(l1+s0(0,0),12+s0(1,0),!3+s0(2,0),c(0))
+coeff(1,11,12,13)*u(l 1+so0(0,1),12+s0(1,1),13+s0(2,1),c(1))
+coeff(2,11,12,13)*u(l1+s0(0, 2),12+s0(1,2),13+s0(2,2),c(2))
+coeff(3,11,12,13)*u(l1+s0(0,3),12+s0(1,3),13+s0(2,3),c(3))
+coeff(4,11,12,13)*u(l1+s0(0,4),12+s0(1,4),13+s0(2,4),c(4))
+coeff(5,11,12,13)*u(l1+s0(0,5),12+s0(1,5),13+s0(2,5),c(5))

etc ....
/1
/1 Here is another way which assunes it is a standard 3x3x3 stenci
/1

intArray val ue(Range(-1, 1), Range(-1, 1), Range(-1, 1), nunber & Conponent s)
for( int n=0; n<nunber Of Conponents; n++)
for( int mB=-1; nB<=1; nB++ )
for( int m2=-1; nmk<=1; nR++ )
for( int nl=-1; ml<=1; ml++ )
{
val ue(mi, n2, n8, n) =coef f. coef fi ci ent Posi ti on(ntl, n2, n8, n);
assert( val ue(ml, n2, nB,n)>=0 ); /1 check for any errors in conputing the coefficient position

}

residual (11,12,13) = coeff(value(-1,-1,-1,0),11,12,13)*u(l11-2,12-2,13-1,0) // coeff’'s for conponent O
+coeff(value( 0,-1,-1,0),11,12,13)*u(l1 ,12-1,13-1,0)
+coeff(value(+1,-1,-1,0),11,12,13)*u(l1+1,12-1,13-1,0)

... etc ...

+coeff(value(-1,-1,-1,1),12,12,13)*u(11-2,12-1,13-1,1) // coeff’s for conponent 1
+coeff(value( 0,-1,-1,1),11,12,13)*u(l1 ,12-1,13-1,1)
+coeff (value(+1,-1,-1,1),11,12,13)*u(11+1,12-1,13-1,1)

Otherpossiblewaysto storethe coeficients

*xxx%% this does not work yet *****

coeff.setlsACoefficientMatrix(fiveO SevenPoint Stencil); /1 5 point star in 2d, 7 point star in 3D

coeff.setlsACoefficientMatrix(general Stencil); /1 user defined stenci
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3.5 GridCollectionFunction and CompositeGridFunction

GridCollectionFunctiors andthe CompositeGridFunctiog'arevery similar. Theonly differenceis thata GridCollectionFunc-
tion is associatedavith a GridCollectionwhile a CompositeGridFunctiois associatedvith a CompositeGrid.

Herewe describehe GridCollectionFunctionTheseremarksall applyto the CompositeGridFunctioif “GridCollection”
is replacedby “CompositeGrid”.

This classcontainsa list of MappedGridFunctios and a GridCollection. A GridCollectionFunctiorknows how to di-
mensionits memberMappedGridFunctios andhow to updateitself whenthe GridCollectionchangegfor example,whena
refinemenpatchis addedor agrid is moved).

This is a referencecountedclassso thatthereis no needto keepa pointerto a grid function. Usethe referencemember
functionto make onegrid functionreferenceanother
3.5.1 Public data members

Herearethepublic datamembers:

intR numberOfComponentGrids: (CompositeGridFunctioonly) equalsvaluefoundin the CompositeGridthis is herefor
convenience

GridCollection *gridCollection: pointerto the GridCollection

GenericGridCollectionOperators *operators: pointerto operatorausedfor derivativesetc.

3.5.2 Public enumerators

Thefollowing enumeratorsireequialentto the onesappearingn the MappedG i dFunct i on. Seethe MappedGridFunc-
tion documentatioffior futherdetails.

updateRetumValue: The valuereturnedfrom the updat eTovat chGri d andupdat eToMat chGri dFuncti on is a
maskformedby a bitwiseor of thefollowing values:

3.5.3 Arithmetic operators, max,min,abs

The arithmeticoperatorst, —, %, /, + =, — =, x = and/ = aredefinedfor two Gri dCol | ecti onFunct i on’s of the
sametypeor foraG i dCol | ecti onFuncti on andafloat, double,or int. The operatorarax, ni n andf abs (abs for
theint case)aredefined.

3.5.4 Constructors

GridCollectionFunction ()

Description: Default constructor
GridCollectionFunction(GridCollection & gc)

Description: Createa grid functionandassociatavith a GridCollection. The grid functionwill bea”scalar” asin the decla-
ration:

Range al | ;

GidCollection gc(...);
GidCol |l ectionFunction u(gc,all,all,all);

gc(input): grid to associatehis grid functionwith.

Author: WDH
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GridCollectionFunction(GridCollection & gc,
constRange& RO =nullRange,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3=nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: This constructortakes ranges,the first 3 "nullRange” valuesare taken to be the coordinatedirectionsin the
grid function. Eachgrid functionis dimensionedaccordingto the dimensiondound with the MappedG i d foundin
theGri dCol | ecti on. Grid functionscanhave up to 8 dimensionsthe index positionsnot usedby the coordinate
dimensionsanbe usedto storedifferentcomponentsFor example,a vectorgrid functionswould usel index position

for componentsvhile a matrix grid functionswould usetwo index positionsfor components.

grido (input): GridCollectionto associatehis grid functionwith.

RO,R1,R2,... (input): Rangego determinethe shapeandsize of the grid function. An int canalso be usedinsteadof a

Range.

Examples: Herearesomeexamples

/! Rl =range of first dimension of the grid array
/1 R2 = range of second dinension of the grid array
/! R3 =range of third dimension of the grid array

GridCollection ge(...);

Range all; /1 null Range is used to specify where the coordinates are
GridCol | ectionFunction u(gc); /[l -->u[grid] (Rl R2, R3);
GridCol | ectionFunction u(gc,all,all,all,1); Il -->u[grid](Rl, R2,R3,0:1);
GridCol | ectionFunction u(gc,all,all,Range(1,1)); /[l -->u[grid] (R, R2,1:1,R3);
GridCol | ectionFunction u(gc,2,all); /[l -->u[grid](0:2,Rl, R2, R3);
GridCol | ecti onFunction u(gc, Range(0,2),all,all,all); /1 -->u[grid](0:2,Rl, R, R3);
GridCol | ectionFunction u(gc,all,Range(3,3),all,all); Iro--> u[grid](R133R2,R3)'
Author: WDH

GridCollectionFunction(GridCollection & gc,
constGridFunctionP arameters::GridFunctionType & type,
constRange& componentO=nullRange,
constRange& componentl=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: This constructoris usedto createa grid function of somestandardype. The standardypesaredefinedin the

GridFunctionRrameters::GridFunctiogpe enum,

vertexCentered grid functionis vertex centred

e cellCentered grid functionis cell centred

faceCenteredAll grid functioncomponentsarefacecentredn all directions
faceCenteredAxisigrid functionis facecentredalongaxisl
faceCenteredAxis2grid functionis facecentredalongaxis2

faceCenteredAxis3grid functionis facecentredalongaxis3
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e general meanssameasvertexCenteredvhenusedin this constructor
grid0 (input): Usethis GridCollection.
type (input): Make thistypeof grid function.
componentO,componentl,...(input): supplyaRangefor eachcomponent.

Examples: Herearesomeexamples:

GridCollection ge(...);

real GidCol | ectionFunction u(gc, Gi dFuncti onParaneters::vertexCentered, 2); 11
real GidCol | ectionFunction u(gc, Gri dFuncti onParaneters::cell Centered, 2, 3); /1
real GidCol | ecti onFunction u(gc, GidFuncti onParaneters::faceCenteredAll,2); [/
real GidCol | ecti onFunction u(gc, Gi dFuncti onParaneters::faceCenteredAll,3,2);//

Author: WDH

3.5.5 breakReference

void
breakRefelence()

u(gc,
u(gc,
u(gc,
u(ge,

,all, 2);

,all, 2,3);
,all, 2, faceRan
,all, 3,2, faceF

Description: Thismemberfunctionwill causethegrid functionto nolongerbereferencedThegrid functionacquirests own

copy of thedata.
Author: WDH

3.5.6 operator()(Range,...)

GridCollectionFunction

operator()(constRange& componentO,
constRange& componentl=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Returnanew GridCollectionFunctiorthatis linked (usingthel i nk function)to somespecfiedccomponent®f
the currentGridCollectionFunction.This is a corvenientbut inefficient way to easilyaccessertaincomponent®f a

multi-componenGridCollectionFunctiorasin the example:

GidCollection gc(...);

float GidCol | ecti onFunction u(gc,all,all,all,2);
u(0)=1.; /1 set conponent 0 of u to be 1.
u(l)=2.; /1 set conponent 1 of u to be 2.
u(0)=u(0)*2. +u(1)*u(0);

Theabove codeis inefficient sincea new gridCollectionFunctioris built every time anexpressiorlikeu( 0) appears.

This hasthe sameeffect asthefollowing (moreefficient but notascute)code:

GidCol lection gc(...);

float GidCol |l ectionFunction u(gc,all,all,all,?2), u0,ul;
u0. l'i nk(u, Range(0,0));

ul.link(u, Range(1,1));

uo=1. ;

ul=2.;

uO=u0*2. +ul*u0;
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3.5.7 consistencyCheck

void
consistencyCheck(ronst

Description: Performa consisteng checkonthegrid function.

Return values: Return0 if thegrid functionappeargo beok.

3.5.8 dataCopy
int
dataCopy(constGridCollectionFunction & gcf)

Description: copy thearraydataonly

gcf (input):  setthearraydataequalto the datain this grid function.

3.5.9 Derivatives: x,y,z,XX,Xy;Xz,yy,yz,zz,laplacian,grad,dv

GridCollectionFunction

derivative(constindex & componentO=nullindex ,
constindex & componentl=nullindex ,
constindex & component2=nullindex ,
constindex & component3=nullindex ,
constindex & component4=nullindex

)

Description: derivative equalsone of x,y,z,Xx,Xy,Xz,yy,yz,zz,laplacian,gradi Returnthe derivative of this grid function.
Thisroutinejust callsthe function of the samenamein the GenericGridCollectionOperators.

componentO,componentl,. (input) : optionalagumentgo specifywhich componentshouldbe computed.The othercom-
ponentswill bereturnedaszero.

componentO,componentl,. (input) : optionalagumentgo specifywhich componentshouldbe computed.The othercom-
ponentswill bereturnedaszero.

Return value: Thederiativeis returnedasanew grid function. For all derivativesbut gr ad anddi v the numberof compo-
nentsin theresultis equalto the numberof componentspecifiedoy component0,. (if component@tcarenot specified
thentheresultwill have the samenumberof component®f the grid function beingdifferentiated). Thegr ad operator
will have numberof component&qualto the numberof spacedimensionsavhile thedi v operatorwill have only one
component.

GridCollectionFunction

derivative(constGridFunctionT ype & gfType,
constindex & componentO=nullindex ,
constindex & componentl=nullindex ,
constindex & component2=nullindex ,
constindex & component3=nullindex ,
constindex & component4=nullindex

)

Description: deriative equalsone of x,y,z,xX,xy,Xz,yy,yz,zz,laplacian,grad di Returnthe derivative of this grid function.
TheamgumentgfType determineghetype of the grid functionthatis returned.This routinejust callsthe function of the
samenamein the GenericGridCollectionOperato(seealsosetOperators).

ofType (input): Thetypeof thegrid functionto bereturned.

component0,componentl,. (input) : optionalagumentgo specifywhich componentshouldbe computed.The othercom-
ponentswill bereturnedaszero.
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Return value: Thederiativeis returnedasanew grid function. For all derivativesbut gr ad anddi v the numberof compo-
nentsin theresultis equalto the numberof componentspecifiedoy componentO,. (if component@tcarenot specified
thentheresultwill have the samenumberof component®f the grid function beingdifferentiated). Thegr ad operator
will have numberof component&qualto the numberof spacedimensionsvhile the di v operatorwill have only one
component.

3.5.10 Derivative Coefficients: xCoefficient,yCoefficient,...

GridCollectionFunction

Derivative(constindex & componentO=nullindex ,
constindex & componentl=nullindex ,
constindex & component2=nullindex ,
constindex & component3=nullindex ,
constindex & component4=nullindex

)

Description: Derivative equalsone of xCoeficient,yCoeficient,zCoeficient,xxCoeficient, xyCoeficient,xzCoeficient,yy-
Coeficient,yzCoeficient,zzCodficient, laplacianCodfcient,gradCodfcient,dvCoeficient. Returnthe coeficients of
thederivative. This routinejust callsthe function of the samenamein the GenericGridCollectionOperators.

GridCollectionFunction

Derivative(constGridFunctionT ype & gfType,
constindex & componentO=nullindex ,
constindex & componentl=nullindex ,
constindex & component2=nullindex ,
constindex & component3=nullindex ,
constindex & component4=nullindex

)

Description: Derivative equalsone of xCoeficient,yCoeficient,zCoeficient,xxCoeficient, xyCoeficient,xzCoeficient,yy-
Coeficient,yzCoeficient,zzCodficient, laplacianCodfcient,gradCodfcient,dvCoeficient. Returnthe coeficients of
the derivative. TheargumentgfType determineghe type of the grid functionthatis returned.This routinejust callsthe
functionof the samenamein the GenericGridCollectionOperato(seealsosetOperators).

gfType (input): Thetypeof thegrid functionto bereturned.

3.5.11 destroy
int
destroy()

Description: destrg this grid function. (Releasall memory)

3.5.12 display

void

display(constaString & label =nullString,
constaString & format =nullString) const

void
display(constaString & label =nullString,

FILE *file = NULL,
constaString & format =nullString) const

Description: Displaythegrid function, print the valuesof in all thecomponents.
label (input): optionallabelto print.
file (input): printto thisfile

format (input): usethisformatfor printf
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void
display(constaString & label, constDisplayParameters& displayParameters)const

Description: Displaythegrid function, print thevaluesof in all thecomponents.
label (input): optionallabelto print.

displayParameters(input): specifyparameters

3.5.13 evaluate

GridCollectionFunction
evaluate( GridCollectionFunction & cgf)

Description: Dueto the way thattemporariesare handledit is necessaryo usethis function on expressionsnvolving grid
collectionfunctionsthatarepassedsargumentdo function. Example:

real GidCol | ectionFunction u(gc),v(cg);

myFuncti on(eval uate(u+v));

If theeval uat e functionwerenotusedtherecouldbe a possiblememoryleak.
cgf (input): If this grid functionis atemporary

Return value: A grid collectionfunctionequalto cgf whichis notatemporary

3.5.14 get
int
get(constGenericDataBase& dir, constaString & name)

Description: Getfrom adatabasédile. Example:

HDF_Dat aBase db;

db. mount ("nyFil e. hdf","R");

GridCol | ection gc;

real &i dCol | ecti onFunction u;
initializeMappingList();

gc.get (db,"ny grid");

u. updat eToMat chGri d(gc) ; /1 **NOTE**
u. get (db, "u");

dir (input): getfrom thisdirectoryof thedatabase.
name (input): thenameof thegrid functiononthedatabase.

NOTE: Thisgetfunctionwill notsetthe pointerto the Grid associatedvith thisgrid function. You shouldcall update ®Match-
Grid(...) to setthegrid BEFOREusingthis function.

3.5.15 getClassName

aString
getClassName(ronst

Description: Returntheclassname.
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3.5.16 getComponentBase

int

getComponentBase(nt component) const
Description: Getthebasefor the givencomponent.
component(input): componenhumber0,1,...

Return Values: Thebasefor the componentUnusedcomponentiave base=0andbound=0

3.5.17 getComponentBound

int

getComponentBound(int component) const
Description: Gettheboundfor the givencomponent.
component(input): componentumber0,1,...

Return Values: Theboundfor thecomponentUnusedcomponentfiave base=0andbound=0

3.5.18 getComponentDimension

int

getComponentDimensionfnt component) const

Description: Getthe dimensionfor thegivencomponentgdimension=bound-base+1
component(input): componentiumber0,1,...

Return Values: Thedimensionfor the componentlUnusedcomponentfiave dimension=1

3.5.19 getCoordinateBase

int

getCoordinateBase(nt coordinate ) const
Description: Getthebasefor the givencoordinate.

coordinate (input): componenhumbey0,1,0r 2.

Return Values: Thebasefor the coordinate Unusedcoordinatehave base=tandbound=0

3.5.20 getCoordinateBound

int

getCoordinateBound(int coordinate ) const
Description: Gettheboundfor the givencoordinate.

coordinate (input): componenhumber0,1,o0r 2.

Return Values: Theboundfor the coordinate Unusedcoordinatehave base=0andbound=0

3.5.21 getCoordinateDimension

int

getCoordinateDimension(int coordinate) const

Description: Getthe dimensionfor the givencoordinatedimensior= bound-base+1
coordinate (input): componenhumbey0,1,o0r 2.

Return Values: Thedimensionfor the coordinate Unusedcoordinatehave dimension=1
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3.5.22 getFaceCentering

faceCenteringType
getFaceCentering()const

Description: Getthetype of facecentering.For furtherexplanationseeset FaceCent er i ng andsection4.
Errors: none.
Return Values: faceCenteringype.

Author: WDH

3.5.23 getGridCollection

GridCollection*
getGridCollection(constbool abortlfNull =TRUE) const

Description: Returna pointerto the GridCollectionthat this grid function is asscoaiateavith By default this function will
abortif the pointeris NULL.

Return values: A pointerto a GridCollectionor NULL

3.5.24 getGridFunctionType

GridFunctionT ype

getGridFunctionType(constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex) const

Description: returnthetypeof thegrid function
componentO,componentl,. (input): gettypeof thegrid functioncorrespondingo thesecomponents.
Return Values: Thegrid functiontype,oneof theenumsin GridFunctionRrameters::GridFunctioyje.

Author: WDH

3.5.25 getGridFunctionTypeWithComponents

GridFunctionT ypeWithComponents

getGridFunctionTypeWithComponents(constindex & c0=nullindex,
constindex & cl=nullindex,
constindex & c2=nullindex,
constindex & c3=nullindex,
constindex & c4=nullindex) const

Description: returnthetypeof the grid functionwith the numberof components
c0,cl,...(input): gettypeof thegrid functioncorrespondingo thesecomponents.
Return Values: Thegrid functiontypewith numberof componentspneof theenumsn GridFunctionRrameters::GridFunctionypeWth(

Note: In afaceCenteredAlgrid function,the positiontaken by the faceRangeoesnot countasa component.

GidCollection gc(...);

Range al | ;

float GidCol I ectionFunction u(ng,floatGidCollectionFunction::faceCenterAll, 2);
u. get Gi dFuncti onTypeW t hConponents(); // == faceCenter Al |l Wt hlConponent

u. get Nunber Of Conrponent s() ; /[l ==

Author: WDH
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3.5.26 getlsCellCentered

bool

getlsCellCentered(constindex & axisO=nullindex,
constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex,
constindex & grid0 =nullindex) const

Description: Determinethe cell centerednessf a grid function. Seethe detail descriptionwith te MappedGridFunction
versionof this function.

axisO(input): if axisO=nullinde (default) thenall axesarechecled

componentO(input): if componentO=nullinde(default) thenall componentgarechecled
componentl(input): if componentl=nullinde(default) thenall componentsrechecled
component2(input): if component2=nullinde(default) thenall componentgarechecled
component3(input): if component3=nullinde(default) thenall componentsrechecled
component4(input): if component4=nullinde(default) thenall componentsrechecled
Return Values: TRUE or FALSE

Author: WDH

3.5.27 getlsFaceCenteed

bool

getlsFaceCenteed(constint & axisO=forAll ,
constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex,
constindex & grid0 =nullindex) const

Description: Determinef agivencomponenbf this grid functionis face-centredlongagivenaxis. By defaultcheckall axes
andall components.

axis0: checkif thecomponentarefacecentredalongthis axis. By default checkif the componentarefacecentredin ANY
direction.

componentO,componentl,...(input): checkthevaluefor thesecomponentshy default checkall components.

3.5.28 getName

astring

getName(consint & componentO=defaultValue,
constint & componentl=defaultValue,
constint & component2=defaultValue,
constint & component3=defaultValue,
constint & component4=defaultValue) const

Description: Getthe nameof thegrid functionor acomponengsin

aString nanmeOf i dFunction = u. get Nane();
astring naneOf Conponent 0 = u. get Nanme(0);
asString naneOf Conponent 1 = u. getName(1);
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name: thenameof thegrid functionor component.

componentO,componentl,(input): getthe namefor this component.if all of component0,componentl,componentdie-
faultValuethenthe nameof the grid functionis returned. Otherwisethe default value becomeghe basevaluefor that

component.

3.5.29 getNumberOfComponents
int
getNumberOfComponents()const

Description: returnthe numberof component$0=scalar1=vectof 2=matrix,...).

Return Values: Valid valuesareO,...,5

Examples: Herearesomeexamples.Note the specialcasefor grid functionscreatedwith af aceRange, thef aceRange

positiondoesNOT countasacomponent.

GidCollection gc(...);
Range al | ;
floatGridCol | ecti onFunction u(gc);

float GidCol | ectionFunction u(gc,all,all,all);

float GidCol | ecti onFunction u(gc,all,all,all,1);

float GidCol | ecti onFunction u(gc,all,all,all,2,2);

float GidCol I ectionFunction u(gc,all,all,all,faceRange);
Il

floatGridColl ectionFunction u(gc,all,all,all,3,faceRange);

Author: WDH

3.5.30 getOperators

GridCollectionOperators*
getOperators()const

Description: gettheoperatoraisedwith this grid function. ReturnNULL if therearenone.

3.5.31 interpolate
int
inter polate(constRange& CO = nullRange,

constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolateusingdefault Interpolantor onefoundin thegrid collection

/1
/1
/1
/1
/1
/1

ROMNPEFEFOO

conponent s
conponent s
conponent
conponent s
conponent s
conponent

CO0, C1, C2 (input): optionallyspecifycomponentso interpolate For exampleu. i nt er pol at e( Range( 1, 2)) tointer

polatecomponentd and2.
Return Values: O=success; 0 indicatesanerror.

Author: WDH

3.5.32 isNull

bool
isNull()

Description: ReturnTRUE if this grid functionis null (hasno grid associateavith it).

Return value: ReturnTRUE if this grid functionis null, otherwisereturnFALSE.
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3.5.33 link

void

limk(const GridCollectionFunction & gcf,
constRange& RO = nullRange,
constRange& R1 = nullRange,
constRange& R2 = nullRange,
constRange& R3 = nullRange,
constRange& R4 = nullRange)

Description: Thel i nk membeifunctioncanbeusedto link a grid functionto a specificcomponentf anothemrid function.
mgf (input): link to this

RO, R1,...,R4 (input): indicatewhich componentso link to. Notethatthe Rangedor thelinkedgrid functionalwaysstartat
0. Useupdate ®MatchGridFunctiorto changethis.

Examples: Seetheexamplesin thedocumentatiorior the MappedGridFunctiowersionof link.
Errors: Attemptto link to invalid components.

Return Values: none.

Notes: Thelinkeefunctionwill acquirethe sameoperatorsasthefunctionbeinglinkedto.

Author: WDH

3.5.34 multiply

GridCollectionFunction &
multiply( constGridCollectionFunction & a, constGridCollectionFunction & coeff.)

Description: Multiply agrid functiontimesa coeficient matrix. Usethis functionto multiply a scalargrid function”a” times
acoeficientmatrix "coeff’. Theresultis savedin coef andreturnedby reference.

coeff[grid](MI11,12,13) <- a[grid](11,12,13)*coeff[grid](MI11,12,13)

Thisis anon-membefunctionandis calledwith

mul tiply(u, coeff)

a (input) : ascalargrid function.
coeff(input) : agrid functionin the shapea coeficient matrix (1 componentn position0)
Return value: coef is returnedby reference

Notes: If "a” is anexpression(rmul ti pl y(u+v, coef f)) thenthis functionwill properlydelete’a”. Notethatoneshould
call "evaluate”on anexpressiornthatis beingpassedo afunctionthatis nota membeifunctionof this class.

3.5.35 numberOfMultigridLe vels
int
numberOfMultigridLe vels()const

Description: Returnthe numberof multigrid levels containedin this grid function. Seethe grid documentatiorfor further
details.

Author: WDH
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3.5.36 numberOfRefinementLevels
int
numberOfRefinementLevels() const

Description: Returnthe numberof refinementevels containedn this grid function. Seethe grid documentatiorfor further
details.

Author: WDH

3.5.37 operator = GridCollectionFunction

GridCollectionFunction &
operator= ( constGridCollectionFunction & cgf)

Description: Setone grid-functionequalto another This is a shallov copy whereonly the array datais copied. An error
occursif thetwo grid functionsdo not have the samenumberof grids or the arraydatain eachmappedGridFunctioare
not conformable.This operationhasthe sameaffect asthe dat aCopy memberfunction. An exceptionto this rule is
whenthegrid functionto theleft of the equalsoperatoris a ‘null’ grid function (onethathasno grid associatedvith it
suchasagrid functionbuilt by the default constructor)In this casea deepcopy is performed.

Examples: Herearesomeexamplesfor a realCompositeGridFunctioriThe examplesarethe samefor GridCollectionFunc-
tion’s.

ConpositeGid cg(...);
real Conposi teG i dFunction u(cg),v(cg), w.

u=1.;

V=Uu; /1 only the array data is copied.

W=U; /1l this is a DEEP copy since wis null.

u=v+w; /1 uwll steal the data fromthe tenporary ‘v+w

u=3; /1 does NOT call this = operator, uses grid-function=scal ar
u. dat aCopy(v+w) ; /1 only copies array data

u. updat eToMat chGri dFunction(v); // this is a real deep copy.
real ConpositeGidFunction a = u; // does NOT call this = operator, calls copy const

Author: WDH

3.5.38 periodicUpdate

void

periodicUpdate(constRange& CO =nullRange,
constRange& C1=nullRange,
constRange& C2 =nullRange,
constRange& C3=nullRange,
constRange& C4 =nullRange,
constbool & derivativePeriodic =FALSE)

Description: Swap periodicedgesof thegrid function. Assignvaluesto si de=1 boundarylines
iaxis = Mg.gridIndexRange()(1,axis) axis = 0,1,..,mg.number0fDimensions

(mg is the MappedG i d associatedvith this grid function) aswell asall ghostlines on all sidesthat have periodic
boundaryconditions.

CO0,C1,...C4(input) : specifywhich components$o update By default updateall components.

derivativePeriodic (input): if TRUE we assumehatthegrid functionis not actually periodicbut thatonly it's derivative is.
*** Thisis notimplemented/et ***
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3.5.39 put
int
put( GenericDataBase dir, constaString & name)const

Description: Outputthegrid functionontoa databaséile.
dir (input): putontothisdirectoryof thedatabase.
name (input): thenameof thegrid functiononthedatabase.

Notes:
First somedefinitions

e N=maxi nrumNunber O | ndi ci es Themaximumnumberof dimensionsn agrid function(currentvalue=8).
e Ny=nunber O | ndi ci es Themaximumnumberof A++ dimensiongcurrentvalue=4).
Herearetheitemsthataresavedin adatabase.
numberOfComponentsGrids (int) The numberof componengrids. This is equalto the numberof nappedG i d-
Funct i ons thatarein thegrid collection.

positionOfComponent (IntegerArray(N))ThepositiongbaseD) of thecomponenpositionsaresavedin posi t i onCf -
Conponent (i),i=0,1,...,N.

positionOfCoordinate (IntegerArray(N))Thepositions(base0) of the3 coordinatepositionsaresavedin posi t i on-
O Coordi nate(i),i=0,1,2. Thedefaultvalueandthevaluefor unusecentriess N=maxi mumNunber O | ndi ci es.

positionOfFaceCentering (int) For afacecentredgrid functionof standardypethisis thepositionof thefacecentering.
For all othertypesof grid functionsthis hasa valueof —1.

faceCentering (enumfaceCenteringype) The facecenteringtypefor the grid function. Default valueis none= —1.
numberOfDimensions Thenumberof spacedimensions), 1, or 2.

isACoefficientMatrix (bool) If TRUE (=1) thenthisis a coeficient matrix, defaultis FALSE (=0).

stencilType (enumStencilTypes)Thetypeof stencilfor acoeficient matrix, defaultis st andar dSt enci | (=0).
stencilOffset (int) The stenciloffsetfor a coeficient matrix, default value= 0.

stencilWidth (int) Thestencilwidth for a coeficient matrix, default value= 0.

R[i].base (int) (i =0, 1, . .., N) Thebaseof theRangeobjectR[ i ] whichholdsthebaseandboundfor position:. For
unusedositionsthedefaultis 0. Thereis oneextraRangeR[ N] =Range( 0, 0) whichexistsjustfor corvenience.

R[i].bound (int) (i =0, 1, ..., N) Theboundof the RangeobjectsR] i ] . For unusedpositionsthe defaultis 0.
numberOfNames (int) Thenumberof nameghataresaved. (seenext item).
name[i] (aString)(i =0, 1, . . ., nunber O Names- 1) Thenamedor thegrid functionandits components.

mappedGridFunctionList[i] (i =0, 1, ..., nunber O Gri ds- 1) ThemappedG i dFunct i ons thatarefoundin
this grid collectionfunction. Seethe documentatioon theput memberfunctionfor amappedG i dFuncti on

3.5.40 reference
void
reference(constGridCollectionFunction & cgf)

Description: Usethis functionto referenceone GridCollectionFunctiorio another Whentwo (or more)grid functionshave
beenreferencedhey sharethe samearraydatasothatchangeso onegrid functionwill changeall the otherreferenced
grid functions. Only the array datais referenced.Other propertiesof the grid function suchas cell-centrednessan
be changedn the referencedyrid function. The "shape”of the referencedyrid function canalsobe changedwithout
changinghereferenceegf .

Author: WDH
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3.5.41 setBoundaryConditionValue

void

sdatBoundaryConditionValue(constreal & value,
constint & component=forAll,
constint & index =forAll,
constint & side=forAll,
constint & axis =forAll,
constint grid0 =forAll

)

Description: Setsomevaluesfor boundaryconditions. This routinejust callsthe function of the samenamein the Mapped-
GridOperators.

3.5.42 setFaceCentering

void

setFaceCentering(consint & axis =defaultValue)

Description: Setthetype of facecentering the behaiour of this functiondependsn whetherthe amgument’axis” hasbeen
specifiedor elseif thecurrentvaluefor getFaceCentering().

axis(input): 1. if "axis” is giventhenmale all component$acecentredn direction=axis

2. if getFaceCentering()==all make componentgacecenteredn all directions,the grid function shouldhave been
contructedor updatedusingthefaceRang#o specifywhich Index is to be usedfor the"directions”

For furtherexplanationseesection4.

Author: WDH

3.5.43 setinterpolant
void
setinterpolant(Inter polant *inter polant )

Description: Setapointerto aninterpolantto use. Thiswill NOT changeheinterpolantassociatedvith the GridCollection.

3.5.44 setlsCellCenteed

void

setlsCellCenteed(constbool trueOrF alse,
constindex & axisO=nullindex,
constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex,
constindex & grid0 =nullindex)

Description: Changehe cell centered-nessf thegrid function. By default setall componentsndall grids.
trueOfFalse(input): make cell-centredbr not.

axis0: setthevaluefor this axis,by default setall axes.

componentO,componentl,(input): setthevaluefor thesecomponentshy default setall components.

grid0 (input): setthis s componengrid.
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3.5.45 setlsFaceCenteed

setlsFaceCenteed(constint & axisO=forAll ,
constindex & componentO=nullindex,
constindex & componentl=nullindex,
constindex & component2=nullindex,
constindex & component3=nullindex,
constindex & component4=nullindex,
constindex & grid0 =nullindex)

Description: Make acomponenbf agrid functionfacecentredalongthe givenaxis
axis0: setthevaluefor this axis,by default setall axes.

componentO,componentl,(input): setthevaluefor thesecomponentshy default setall components.

3.5.46 setName

void

setName(consaString & name,
constint & componentO=defaultValue,
constint & componentl=defaultValue,
constint & component2=defaultValue,
constint & component3=defaultValue,
constint & component4=defaultValue)

Description: Setthe nameof the grid functionor acomponengsin

u. set Nane(" nanmeOf Gi dFuncti on");
u. set Nane(" naneCf Conponent 0", 0) ;
u. set Nane(" nameCf Conponent 1", 1) ;

name: thenameof thegrid functionor component.

componentO,componentl,..(input): givethenamefor thiscomponentif all of component0,componentl,componesrt2le-
faultValuethenthe nameof the grid functionis set. Otherwisethe default valuebecomeghe basevaluefor thatcompo-
nent.

3.5.47 setOperators

void
setOperators(GenericCollectionOperators& operators0)

Description: Supplya derivative objectto usefor computingderivativeson all componengrids. This operatoris usedfor the
memberfunctions.x .y .z .xx .xy etc.

operators0: usetheseoperators.

3.5.48 updateCollections
int
updateCollections()

Description: UpdatetherefinementLgel (andeventuallyothercollections)Thisis a protectednember
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3.5.49 updateToMatchGrid

updateRetumValue
updateToMatchGrid()

updateRetumValue
updateToMatchGrid(GridCollection & gridCollection0)

updateRetumValue

updateToMatchGrid(const Range& RO = nullRange,
constRange& R1 = nullRange,
constRange& R2 = nullRange,
constRange& R3 = nullRange,
constRange& R4 = nullRange,
constRange& R5 = nullRange,
constRange& R6 = nullRange,
constRange& R7 = nullRange)

updateRetumValue

updateToMatchGrid(GridCollection & gc,
constRange& RO,
constRange& R1=nullRange,
constRange& R2 =nullRange,
constRange& R3 =nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: Updatea grid function. Optionally specifya new grid andnewv Ranges.
gc (input): updateto matchthis grid.
RO, R1, ... (input): UsetheseRangeobjectsto determinethe grid functiondimensions.

Return Values: Returnavaluefrom theenumeratoupdat eRet ur nVal ue:

enum updat eReturnValue // the return value from updateToMatchGid is a mask of the
| owi ng val ues
{
updat eNoChange
updat eReshaped
updat eResi zed
updat eConmponent sChanged
si zed or reshaped)

H

noo
ANPFO

/1l no changes nade

/1 grid function was reshaped

/1 grid function was resized

/1 component di nmensi ons may have changed (but grid w

Author: WDH

updateRetumValue
updateToMatchGrid(GridCollection & gridCollectionO,
constGridFunctionP arameters::GridFunctionType & type,
constRange& componentO,
constRange& componentl=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor
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updateRetumValue

updateToMatchGrid(const GridFunctionT ype & type,
constRange& componentO,
constRange& componentl=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor

updateRetumValue
updateToMatchGrid(GridCollection & gridCollection0,
constGridFunctionP arameters::GridFunctionType & type)

Description: Usethis updatefunctionto createa grid functionof a giventype,thecomponentareleft unchanged.

updateRetumValue
updateToMatchGrid(const GridFunctionT ype & type)

Description: Usethis updatefunctionto createa grid functionof a giventype,the componentareleft unchanged.

updateRetumValue
updateToMatchGridFunction(const GridCollectionFunction & cgf)

updateRetumValue

updateToMatchGridFunction(const GridCollectionFunction & cgf,
constRange& RO,
constRangeé& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3=nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRangeé& R7 =nullRange)

Description: Updatethis grid functionto matchanothergrid function (this is like usingthe = operatorbut it avoids copying
thearraydata)

cgf (input): matchto this grid function.
RO, R1, ... (input): optionalrangedo changehedimensions.
update®MatchnumberOfGrids

updateRetumValue
updateToMatchNumberOfGrids(GridCollection & gc)

Purpose: Updatethe GridCollectionFunctiorsothatit hasthecorrectnumberof componentsThecomponentsirenotdimen-
sionedcorrectly

update®MatchComponentGrids

updateRetumValue
updateToMatchComponentGrids()

Purpose: Updatethegrid collectionto matchthe componengrids
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3.5.50 sizeOf

real
sizeOf(FILE *file = NULL) const

Description: Returnnumberof bytesallocatedby this object;optionally print detailedinfo to afile
file (input) : optinally supplyafile to write detailedinfo to. Choosefile=stdoutto write to standardutput.

Return value: thenumberof bytes.

3.5.51 fixupUnusedPoints

int

fixupUnusedPoints(constRealArray & value = nullRealArray(),
int numberOfGhostlines=1)

Description: Assignvaluesto pointson a grid function that correspondo unusedpoints (mask==0).By default all unused
pointsaresetto zero.Usethevaluearrayto setunusedoointsto particularvalues.

value (input) : if supplied,assignvalue(n)to unusedpointsof componenn anddo not changeary componentsot foundin
value.If notsuppliedsetall unusedpointsto zero.

numberOfGhostLines (input) : Indicatehow mary ghostlines areusedin the computation.Otherghostline valueswill all
besetto zero.

3.5.52 Examples

In this examplewe make a GridCollectionFunctiorfrom a GridCollection.We assignthe componengrid functions(accessed
using[ ]) in A++ style. We shawv how to usether ef er ence andbr eak Ref er ence functions.

GidCollection gc(...); // hereis a GidCollection or ConpositeGid
doubl eGri dCol | ecti onFuncti on u(gc), v;

u[ 0] =5.; /1 mapped grid function for grid O
I ndex 1(0, 10);

u[1](I,1)=3.; /1 mapped grid function for grid 1
v.reference(u); /Il v is referenced to u

v[1]=7.; /1 changes u as well

v. breakRef erence(); /1 v is no longer referenced to u

/!l Here is howto dimension a grid function after it has been decl ared:
float Gi dCol | ecti onFunction w,
w. updat eToMat chGid( gc,all,all,all, Range(0,1) );

/1 give names to the grid function and conponents

w. set Nanme("w'"); /1 name grid function

w. set Nane("w. 0",0); // name conponent O

w. set Nane("w. 1",1); // name conponent 1

cout << w.getName() << "," << w.getName(0) << "," << w.getNanme(1l) << endl;
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4 Cell-centred and Face-cented Grid Functions

In this sectionwe discusscell-centrecandface-centredrid functions— how to createthemandhow to usethem.

In avertex-centredgrid functionthe solutionvaluesare definedat the verticesof the grid (i.e. at the positionsdefinedby
thevert ex array).By defaultagrid functiondefinedon a vertex-centredgrid will bevertex centered.

In a cell-centredgrid function the solutionvaluesare assumedo be definedat the centersof the cells. By default a grid
functiondefinedon a cell-centredgrid will becell-centred.

In aface-centredrid function the solutionvaluesare definedon the faceof the cell. In 2D therearetwo possibletypes
of face-centeredrid functionsandin 3D therearethreepossibilities. A facecenteredyrid functionis vertex centredin one
directionandcell centredn theothers.

In threespacalimensionsagrid functioncouldalsobe definedon anedge.An edge-centredrid functionis vertex-centred
in two directionsandcell centredn one.

4.1 Creatingface/cellhertex centred grid functions in standard form

Theeasiestvay to createary of thecommonlyusedgrid functionsis to usetheconstructothattakesaG i dFunct i onType
andoptionalRangego specifycomponents:

MappedG i dFuncti on( MappedGid & ng,
const GridFuncti onParaneters:: GidFunctionType & type,
const Range & conponent O=nul | Range,
const Range & conponent 1=nul | Range,
const Range & conponent 2=nul | Range,
const Range & conponent 3=nul | Range,
const Range & conponent 4=nul | Range )

This constructoiis usedto createa grid functionof somecommontypesin standardorm. A grid functionin standardorm
will have thefirst 3 index positionsoccupiedby the coordinatedirections. Any componentndiceswill follow the coordinate
indicies. In additionto the constructotthereis a correspondingipdat eToMat chGr i d functionthatcanbe usedto change

thetypeand/orcomponentimension®f a grid functionthathasalreadybeenconstructed.
The standardypesof grid functionsaredefinedin theenumGridFunction¥pe, (this enumis foundin the classGridFunc-
tionParameters),

enum Gi dFuncti onType
{
general ,
vertexCent ered,
cel | Centered,
faceCent eredAl |,
faceCent er edAxi s1,
faceCent er edAxi s2,
f aceCent er edAxi s3

b
where

e vertexCentered grid functionis vertex centred

cellCentered grid functionis cell centred

faceCenteredAll thegrid functionhascomponentshatarefacecentredn eachdirection

faceCenteredAxislgrid functionis facecentredalongaxisl,(axis1==0)

faceCenteredAxis2grid functionis facecentredalongaxis2,(axis2==1)

faceCenteredAxis3grid functionis facecentredalongaxis3,(axis3==2)

A grid functionwith typef aceCent er edAxi s1 will bevertex centeredalongaxi s1 andcell-centerecilongthe other
axes. Thusin 2D thegrid functionwill live ontheverticalfacesof thegrid cellsasshavn in figure6.
Similiarly agrid functionwith typef aceCent er edAxi s2 will bevertex centeredalongaxi s2 andcell-centereaglongthe
otheraxes. Thusin 2D thegrid functionwill live onthehorizontalfacesof thegrid cellsasshavn in figure7.
A grid functionthatis definedto be f aceCent er edAl | will have componentghat live on eachof the faces. This is ac-
complishedby addinganextracomponentndex to thegrid function; the dimensionof this extra componenbeingequalto the
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Figure6: A grid functionof typef aceCent er edAxi s1
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Figure7: A grid functionof typef aceCent er edAxi s2

numberof spacadimensiongi.e. thenumberof differentfaces).Thusfor example,onecouldmalke agrid function,f aceNor -
mal s, thatholdsvectorsthatarenormalsto the facesof every cell. Someof the normalsaref aceCent er edAxi s1, some

aref aceCent er edAxi s2 andsomearef aceCent er edAxi s3.
Thenext codefragment

MappedGid nmg(...); /'l create a grid some-how
real MappedG i dFunction u(ng, G i dFuncti onParaneters: :cell Centered, 2);

will createa cell-centeredyrid function with two components.The namecel | Cent er ed is definedwithin the Class
Gi dFuncti onPar anet er s (to avoid polluting the globalnamespaceandsowe mustindicateits scopewhenwe useit.
Below we shaov how to do thisin aneasiemway. Theabove declarationwvould be equivalentto

MappedGid ng(...); // cell-centered MappedGid
Range all;
real MappedG i dFunction u(ng,all,all,all,2);

assuminghatthe MappedG i d werecell centered Anotherway to do thiswould beto usetheupdat eToMat chGri d
membeifunction

MappedGid my(...);
r eal MappedG i dFunction u;
u. updat eToMat chGri d(ng, Gri dFuncti onParaneters:: cell Centered, 2);

Beforepresentingary further exampleslet usfirst definesomevariablesver t exCent er ed, cel | Cent er ed, etc. so
thatwe do not have to indicatethescope Gri dFuncti onPar amet er s: : vert exCent er ed, whenreferingto entriesin
the GridFunctionypeenum,

const GridFunctionParaneters:: GidFunctionType vertexCentered =Gi dFuncti onParaneters: : vertexCentered;
const GridFunctionParaneters:: GidFuncti onType cel | Cent er ed =G i dFuncti onPar anet ers: : cel | Cent er ed;
const GridFunctionParaneters:: GidFuncti onType faceCenteredAll =G i dFuncti onParaneters: : faceCenteredAll;
const GridFunctionParaneters:: GidFuncti onType faceCenteredAll =G i dFuncti onPar aneters: : faceCenteredAl | ;

const GidFunctionParameters:: GidFuncti onType faceCenteredAxi s1 =G i dFuncti onParaneters: : faceCent er edAxi s1;
const GidFunctionParanmeters:: GidFuncti onType faceCenteredAxi s2 =G i dFuncti onParaneters: : faceCent er edAxi s2;
const GidFunctionParanmeters:: GidFuncti onType faceCenteredAxi s3 =G i dFuncti onParaneters: : faceCent er edAxi s3;

Giventhesedefinitionsherearesomeexamples

real MappedG i dFunction u(ng, vertexCentered, 2); /1 u(mg,all,all,all,0:1);
real MappedG i dFuncti on u(ng, cel | Centered, 2, 3); /1 u(mg,all,all,all,0:1,0:2);

real MappedGi dFunction u(ng, faceCenteredAxisl); // u(ng,all,all,all);
real MappedG i dFuncti on u(ng, faceCent er edAxi s2, Range(2,3)); [// u(ng,all,all,all,2:3);
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real MappedG i dFunction u(ng, faceCenteredAl l); /1 u(mg,all,all,all,0:d-1);
real MappedG i dFunction u(ng, faceCenteredAll,2); // u(nmg,all,all,all,0:1,0:d-1);
real MappedG i dFunction u(ng, faceCenteredAll,3,2);// u(ng,all,all,all,0:2,0:1,0:d-1);

The commentfollowing eachdeclarationdefinesthe shapeof the resultinggrid function. (Hered is the numberof space
dimensions)Notethatthegrid functionscreatedalwayshave the 3 coordinatandicesfirst, followed by the componentndices
(standardorm). Also notethatthe grid functionswith typef aceCent er edAl | have anextraindex addedto theend. The
valueof this index determineghe facecentered-nessThus,in the grid functiondeclaredu( ng, f aceCent er edAl | ) the
componeny(all,all,all,i),wil befacecenterechlongaxis=i,fori = 0,1,...,d — 1, asshavn again belov

real MappedG i dFunction u(ng, faceCenteredAl l);

u(all,all,all,0) <---> faceCenteredAxisl

u(all,all,all,1) <---> faceCenteredAxis2 (if d>1)

u(all,all,all,2) <---> faceCenteredAxis3 (if d>2)

Herearesomemoreexampleswvherewe alsoindicatethe valuereturnedby someof the querymemberfunctions

real MappedG i dFuncti on u(ng, faceCent er edAxi s2, Range(0, 1), Range(1,1)); // u(mg,all,all,all,0:1,1:1)

u. get Gi dFuncti onType() == faceCent er edAxi s2

u. get G i dFuncti onTypeW t hConponent s() == faceCent er edAxi s2Wt h2Conponent s

u. get Nunber O Conponent s() == /'l nunber of conponent indicies, O=scalar, 1=vector, 2=matrix
u. get FaceCent eri ng() == directionl

real MappedG i dFunction u(ng, faceCenteredAxisl); // u(mg,all,all,all)

u. get Gi dFuncti onType() == faceCent eredAxi sl

u. get Gi dFuncti onTypeW t hConponent s() == faceCent er edAxi s1Wt hOConponent s
u. get Nunber O Conponent s() ==

u. get FaceCent eri ng() == direction0

real MappedG i dFunction u(ng, faceCenteredAll,3); // u(mg,all,all,all,0:2,0:d-1)
u. get Gi dFuncti onType() == faceCenteredAl |

u. get G i dFuncti onTypeW t hConponent s() == faceCenteredAl | Wt hlConmponent

u. get Nunber O Conponent s() ==

u. get FaceCent ering() == all

If you needto determinehegridFunction¥pefor asubsebf thecomponent®f a grid functionthenyou canpassoptional
a:cgumentsto theget Gri dFuncti onType memberfunctionto indicatewhich componentyou wantto determinethetype
o) H

real MappedG i dFunction u(ng, faceCenteredAl |, Range(0,1)); // u(ng,all,all,all,0:1,0:d-1)

u. get G i dFuncti onType() == faceCenteredAl |

u. get Gi dFuncti onType(0) == faceCenteredAl |

u. get Gri dFuncti onType( Range(0, 1)) == faceCent er edAl |

u. get Gi dFuncti onType(0, 0) == faceCent er edAxi sl

u. get Gi dFuncti onType( Range(0, 1), 0) == faceCenteredAxi sl

u. get Gi dFuncti onType(O0, 1) == faceCent er edAxi s2 (if d>1)
u. get Gi dFuncti onType(0, 2) == faceCent er edAxi s3 (if d>2)

In the abore examplewe seethat a grid function of type f aceCent er edAl | hassomecomponentghat aref aceCen-

t er edAxi s1, somethataref aceCent er edAxi s2 andsomethataref aceCent er edAxi s3.
You canlchangethegri dFunct i onType of anexisting grid functionby usingupdat eToMat chG i d asshavnin the
next example:

r eal MappedG i dFuncti on u(ng, faceCent er edAxi s1, Range(0,1)); // u(ng,all,all,all,0:1)

u. updat eToMat chGri d( f aceCent er edAxi s2); /1 u(mg,all,all,all,0:1)
u. updat eToMat chGri d( ng, f aceCent er edAxi s3) ; /1 u(ng,all,all,all,0:1)

u. updat eToMat chGri d(cel | Cent er ed, Range( 1, 3), Range(-1, 1)) /1 u(nmg,all,all,all,1:3,-1:1)

Notethatthegrid functionretainsits component# no new valuesaregiven.

4.2 Grid functions with arbitrary centredness

Thenormalusercanprobablyignorethis section.
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This sectiondescribeshow to make grid function with arbitrary centerednesand also how to make face-centeregrid
functionsthatarenotin standardorm.

In orderto represendll thesetypesof centeringagrid functionhasanintArray calledi sCel | Cent er ed whichindicates
the centeringof the grid functionin eachcoordinatedirection. Actually eachcomponenbf a grid function canhave its own
centeringbut we will ignorethisfor now. Thus,for example,

i sCel | Cent er ed(axi s)

type axis=0 | axis=1 | axis=2
vertex centred FALSE | FALSE | FALSE
cell centred TRUE | TRUE TRUE

facecentredalongaxis=0 | FALSE | TRUE TRUE
facecentredalongaxis=1| TRUE | FALSE | TRUE
facecentredalongaxis=2| TRUE | TRUE | FALSE

edgecentred TRUE | FALSE | FALSE
edgecentred FALSE | TRUE | FALSE
edgecentred FALSE | FALSE | TRUE

Themembeifunctionsset | sCel | Cent er ed, set | sFaceCent er ed andset FaceCent er i ng canbeusedto cre-
ategrid-functionswith variouscenterings.The mostgenerafunctionis set | sCel | Cent er ed. Themostgeneralfunction
for creatingfacecenteredyrid functionsis set | sFaceCent er ed while thefunctionset FaceCent er i ng canbeusedto
createface-centredrid functionsof somestandardorms.

4.2.1 Semi-generalface-centedgrid functions

Althoughthe grid functionssupporta very generaltype of face-centeringin practiceoneoften usesmorespecializedorms.
Thetwo commonformsof face-centregrid functionsare

1. A grid functionfor which all componentsireface-centredh the samedirection(i.e. alongthe sameaxis). For example

const int axisl=0, axis2=1, axis3=2;

MappedGid nmg(...);

Range al | ; /1 a null Range is used when constructing grid functions, it indicates
/1 the positions of the coordi nate axes

real MappedG i dFunction u(ng,all,all,all, Range(0,1));
u. set FaceCent eri ng(axi s1); /1 u(11,12,13,0:1) : all conponents face centred al ong di -
rection 0

u. updat eToMat chG i d( Range(0, 2),all,all,all);
u. set FaceCent eri ng(axi s2); /1 u(0:2,11,12,13) : all conponents face centred al ong di -
rection 1

2. A grid functionwhereeachcomponents facecentredn all spacedirections for example

MappedGrid mg(...);

real MappedG i dFunction u(ng,all,all,all, Range(0, 1), faceRange);

/1 u(11,12,13,0:1,0) : these conponents are face-centred along direction O

/1 u(l11,12,13,0:1,1) : these conponents are face-centred along direction 1

/1 u(l11,12,13,0:1,2) : these conponents are face-centred along direction 2 (if the grid is 3D)

u. updat eToMat chGrid(ng, all,all,all, faceRange, Range(0, 0), Range(0, 2));

/1 u(11,12,13,0,0:0,0:2) : these conponents are face-centred along direction O

/1 u(l11,12,13,1,0:0,0:2) : these conponents are face-centred along direction 1

/1 u(l1,12,13,2,0:0,0:2) : these conponents are face-centred along direction 2 (if the grid is 3D)

Note thatthe specialRange f aceRange is usedto indicatethe positionof the facecenteringcomponent.This com-
ponentwill bedimensionedvith a Range= Range(0,numberOfDimensions-Note thatonly oneoccurenceof f ac-
eRange mustappeaiin theagumentlist.
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avaluefrom theenumeratof aceCent er i ngType (foundin a MappedGridFunction):

To determingf agrid functionis of a giventype of face-centeringisethefunctionget FaceCent er i ng which returns

enum f aceCent eri ngType /1 Here are sonme standard types of face centred grid functions
{
none=-1, /1 not face centred
di recti on0=0, /1 all conponents are face centred along direction (i.e. axis) =0
directionl=1, /1 all conmponents are face centred along direction (i.e. axis) =1
directi on2=2, /1 all conmponents are face centred along direction (i.e. axis) = 2
all =-2 /1 conmponents are face centred in all directions, positionOFaceCentering determ nes
}s 11 the I ndex position that is used for the "directions"
}
To furtherillustratetheseideas,considerthe following functionwhich determinesvhethera grid functionis of oneof the
standardypes:

voi d determ neFaceCentering( real MappedG i dFunction & u )

{

switch (u.getFaceCentering())

case GidFunctionParaneters::none :
cout << " this is not a standard face centered variable \n";
br eak;

case GidFunctionParaneters::all

cout << "this function has conponents that are face centred in all space dinensions\n";

cout << "The val ue u. positionO FaceCentering =
"gives the position of the faceRange";
br eak;
case GidFunctionParanmeters::directionO :
cout << "all conponents are face centered along direction=0 \n";
br eak;
case GidFunctionParaneters::directionl :
cout << "all conponents are face centered along direction=1 \n";
br eak;
case GidFunctionParaneters::direction2 :
cout << "all conponents are face centered along direction=2 \n";
br eak;
defaul t:
cout << "Unknown face-centering type! This case should not occur! \n";

}s

<< u. positionOf FaceCentering <<

For further examplesseethe programOvert ur e/t est s/ cel | Face. C which testsvariousaspectof cell andface
centredgrid functions.
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5 Interpolant: Inter polating Grid Functions

The Interpolantclassis usedfor interpolatinga CompositeGridFunctior i.e. obtainingvaluesat the interpolationpointsin
termsof the valuesat the otherpoints. Oncean Interpolantobjecthasbeenmadeit canbe usedin oneof two ways. Onecan
eitherusethei nt er pol at e functionin the Interpolantclassor onecanusethei nt er pol at e functionthatappearsn the
grid functionclass.

WhenanInterpolantis associateavith a CompositeGrid, the CompositeGridvill bechangedandwill hold apointerto the
Interpolant.Any GridFunctionassociatedavith the CompositeGridvill be ableto usethe Interpolantfoundthere. This allows
GridFunctiongo magicallyknown how to interpolanthemseles.

5.1 Member Functions

For now it is only possibleto interpolatear eal Conposi t eGri dFuncti onorareal Mil ti gri dConpositeGi d-
Functi on.

5.1.1 Constructors

Inter polant()

Decsription: Default constructar

Inter polant(CompositeGrid & cg0)

Decsription: Createaninterpolantandassociatavith a Compositegrid.

cgO(input): assoicateheinterpolantwith this CompositeGrid.

5.1.2 interpolate a CompositeGridFunction

int

inter polate(realCompositeGridFunction& u,
constRange& CO = nullRange,

constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatetheinterpolationboundaryof a CompositeGridFunction
u (input/output): fill in thevaluesontheinterpolationboundaryusingothervaluesonthegrid function.

CO0, C1, C2 (input): optionallyspecifycomponentsointerpolate Forexamplei nt er pol ant . i nt er pol at e( u, Range(1, 2))
to interpolatecomponentd and2.

Return Values: 0 = successpositive valueis anerror.

5.1.3 interpolate a singlegrid from a CompositeGridFunction

int

interpolate(int gridT olnter polate only interpolate this grid.,
realCompositeGridFunction& u,
constRange& CO = nullRangeoptionally specifycomponentsto interpolate,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatetheinterpolationboundaryof a CompositeGridFunction
gridTolnter polate (input) : interpolatethis grid (-1 ==¢ do all grids.)
u (input/output): fill in thevaluesontheinterpolationboundaryusingothervaluesonthegrid function.

CO0, C1, C2 (input): optionallyspecifycomponentsointerpolate Forexamplei nt er pol ant . i nt er pol at e(u, Range(1, 2))
to interpolatecomponentd and2.

Return Values: 0 = successpositive valueis anerror.
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5.1.4 interpolate specifiedgrids from a CompositeGridFunction

int

inter polate(realCompositeGridFunction& u,
IntegerArray & gridsTolnterpolate only interpolate thesegrids.,
constRange& CO = nullRangeoptionally specifycomponentsto interpolate,

constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatetheinterpolationboundaryof a CompositeGridFunction
Note: No AMR styleinterpolationwill be appliedwhenonly somegridsareinterpolated.
u (input/output): fill in thevaluesontheinterpolationboundaryusingothervaluesonthegrid function.

gridsTolnterpolate (input) : anarrayof lengthcg.numberOfComponentGrids{yhich specifiedo interpolategrid g if grid-
sTolnterpolate(g)!=0

C0, C1, C2(input): optionallyspecifycomponentsointerpolate Forexamplei nt er pol ant . i nt er pol at e( u, Range(1, 2))
to interpolatecomponentd and2.

Return Values: 0 = successpositive valueis anerror.

5.1.5 interpolate specifiedgrids fr om specifiedgrids

int

inter polate(realCompositeGridFunction& u,
IntegerArray & gridsTolnterpolate specifywhich grids to interpolate,
IntegerArray & gridsTolnterpolateFrom specifywhich grids to interpolate from,
constRange& CO = nullRangeoptionally specify componentsto inter polate,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatetheinterpolationboundaryof a CompositeGridFunction
u (input/output): fill in thevalueson theinterpolationboundaryusingothervalueson thegrid function.

gridsTolnter polate (input) : anarrayof lengthcg.numberOfComponentGrids{yhich specifieso interpolategrid g if grid-
sTolnterpolate(g)'=0

gridsTolnterpolateFrom (input) : anarrayof lengthcg.numberOfComponentGrids{yhich specifiedo interpolatefrom grid
g if gridsTointerpolateFrom(g)!=0

CO0,C1,C2(input): optionallyspecifycomponentsointerpolate Forexamplei nt er pol ant . i nt er pol at e(u, Range(1, 2))
to interpolatecomponentd and2.

Return Values: 0 = successpositive valueis anerror.

5.1.6 interpolategrid A fromgrid B

int

interpolate(realArray & ug,
int gridT olnter polate,
int interpoleeGrid,
realCompositeGridFunction& u,
constRange& CO = nullRange,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatepointson grid "gridTolnterpolatethatinterpolatefrom grid "interpoleeGrid”.

Note: No AMR styleinterpolationwill beappliedwhenonly somegridsareinterpolated.
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ug (output): fill in theinterpolatedvaluesinto this array This arraywill be dimensionedo hold the propernumberof inter
polationpointvalues.

gridT olnter polate (input) : interpolatepointson this grid.
inter poleeGrid (input) : only computepointsthatinterpolatefrom this grid.

CO0, C1, C2 (input): optionallyspecifycomponentsointerpolate Forexamplei nt er pol ant . i nt er pol at e(u, Range(1, 2))
to interpolatecomponentd and2.

Return Values: 0 = successpositive valueis anerror.

5.1.7 interpolate arefinementlevel

int

inter polateRefinementLe&el( constint refinementLevel,
realCompositeGridFunction& u,
constRange& CO = nullRange,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatepointson the boundaryof a refinementevel — only interpolateoverlappinggrid pointsfrom other
gridsonthe samerefinementevel.

refinementLevel (input) : interpolatethis refinementevel.
u (intput/output): fill in theinterpolatedvaluesinto this grid function.

CO0, C1, C2 (input): optionallyspecifycomponentsointerpolate Forexamplei nt er pol ant . i nt er pol at e( u, Range(1, 2))
to interpolatecomponentd and2.

Return Values: 0 = successpositive valueis anerror.

5.1.8 interpolationIsExplicit

bool
inter polationlsExplicit() const

Return Values: trueif theinterpolationis explicit, falseif implicit.

5.1.9 interpolationisimplicit

bool
inter polationlsimplicit() const

Return Values: trueif theinterpolationis implicit, falseif explicit.
5.1.10 setimplicitinter polationTolerance

int
setimplicitinter polationTolerance(real tol)

Description: Setthe corvergencetolerancefor implicit interpolationwhentheimplicit equationsaresolvedby iteration.

tolerance(input) : toleranceontheresidualof theinterpolationequations.

5.1.11 setimplicitinter polationMethod
int
setimplicitinter polationMethod(Implicitinter polationMethodEnum method)

Description: Choosebetweendifferentmethods
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5.1.12 getimplicitinter polationMethod

Implicitinter polationMethodEnum
getimplicitinter polationMethod() const

Description: returnthe currentmethodfor implicit interpolation.

5.1.13 setInterpolationOption
int
setinterpolationOption(Inter polationOptionEnum option, bool trueOrF alse)

Description: Setaninterpolationoption. Setoptionsto determinewhich pointsshouldbe interpolatedfor CompositeGrics
thathave refinemengrids).

option (input) : interpolateOverlappingRefinementPints : assignpointson refinemengridsthatinterpolatefrom (refine-
ment) grids belongto differentbasegrids. Theseare points that are usually determinedby the Ogenfunction
updateRefinement.

inter polateAlIRefinementBoundaries : assignpointson refinemenboundariegi.e. ghostlines)thatinterpolatefrom
othergridsonthe samebasegrid.

inter polateHiddenRefinement®ints : assignpointson coarsettevelsthatinterpolatefrom finer grid patchegfrom the
samebasegrid).
5.1.14 getinterpolationOption
int
getinterpolationOption(Inter polationOptionEnum option )
Description: Getthevalueof aninterpolationoption.

option (input) : interpolateOverlappingRefinementRints : assignpointson refinemengridsthatinterpolatefrom (refine-
ment) grids belongto different basegrids. Theseare pointsthat are usually determinedby the Ogenfunction
updateRefinement.

inter polateAlIRefinementBoundaries : assignpointson refinemenboundariegi.e. ghostlines)thatinterpolatefrom
othergridson the samebasegrid.

inter polateHiddenRefinement®ints : assigrnpointson coarsettevelsthatinterpolatefrom finer grid patchegfrom the
samebasegrid).

return value: valueof theoption.

5.1.15 setinterpolateRefinements
int
setinterpolateRefinements(nter polateRefinementst interp)

Description: SupplyanAMR interpolationobject:

interp (input) : usethisto interpolaterefinemenboundarie®n adaptve grids.

5.1.16 breakReference

void
breakRefelence()

Description: Breakary references.

66



5.1.17 reference

void
reference(constinter polant & interpolant)

Description: Referencehis Interpolantto another

inter polant (input): referenceo this Interpolant.

5.1.18 updateToMatchGrid

void
updateToMatchGrid(CompositeGrid & cg0,int refinementLevel =0)

Description: Associatethis Interpolantwith a CompositeGricandcomputetheinterpolationcoeficients.
cgO(input): associateheinterpolantwith this CompositeGrid.

refinementLevel : only gridsonthis refinementevel andaborve have beenchanged.

5.1.19 updateToMatchAdaptiveGrid

void
updateToMatchAdaptiveGrid(CompositeGrid & cg0)

Description: Usethis updatewhenthegrid haschangedhroughtheadditionof removal of refinemengrids (but thebasegrids
have notchanged).

Onanadaptve grid we alwaysinterpolaterefinemengrids usingexplicit interpolationor iterative implicit interpolation.
Thismeanghatwe donotneedto reformamatrix for theimplicit interpolation.Thematrix canbeusedonthebase-grids

cgO(input): associateheinterpolantwith this CompositeGrid.

5.2 Examples

Hereis anexampleof usingthe Interpolantclass(file Over t ur e/ exanpl est est | nt er pol ant . C)

6 Other Inter polation Functions

6.1 interpolatePoints: Inter polate a CompositeGridFunction at somegiven points in space
int
inter polateRoints(constrealArray & positionTolnterpolate,

constrealCompositeGridFunction& u,

realArray & ulnter polated,

constRange& RO=nullRange,

constRange& R1=nullRange,

constRange& R2=nullRange,

constRange& R3=nullRange,

constRange& R4=nullRange,
intArray & indexGuess=0vertur e::nullintegerDistrib utedArray(),
intArray & interpoleeGrid=Overtur e::nullintegerDistrib utedArray(),
intArray & waslinterpolated=0Owertur e::nullintegerDistrib utedArray())

Description: Given somepointsin space,determinethe valuesof a grid function u. If interpolationis not possiblethen
extrapolatefrom thenearesgrid point. The extrapolationis zero-ordessothatthevalueis just setequalto thevaluefrom
theboundary

positionTolnter polate (input): positionTolnterpolate(0:numberOfPointsihterpolate-1,0:numberOfDimensions:1X,y[,z])
positionsto interpolate. Thefirst dimensionof this arraydeterminesiow mary pointsto interpolate.
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u (input): interpolatevaluesfrom this grid function
ulnter polated (output): ulnterpolated(0:numberOfPointsihterpolate-1,R0,R1,R2,R3,R4interpolatedvalues

RO,R1,...,R4(input): interpolatethesecomponentsf thegrid function. ROis therangeof valuesfor thefirst componenbf u,
R1thevaluesfor the seconccomponentetc. By defaultall component®f u areinterpolated.

indexGuesginput/ouput): indexGuess(0:numberOfPointsihterpolate-1,0:numberOfDimensions:1(j1,i2][,i3]) valuesfor
initial guesdor searchesNot requiredby default.

inter poleeGrid(.) (input/output): interpoleeGrid(0:numberOfPointsihterpolate-1) try this grid first. Not requiredby de-
fault.

waslnterpolated(.) (output) : If providedasanargument,on outputwaslinterpolated(i)=TRE if the point wassuccessfully
interpolatedpr waslinterpolated(i)=&LSE if the pointwasextrapolated.

Errors: Thisroutinein principle shouldalwaysbe ableto interpolateor extrapolate.

Return Values: e 0=success
e 1= error, unableto interpolate(this shouldnever happen)
e -N =couldnotinterpolateN points,but couldextrapolate- extrapolationwasperformedrom thenearesgrid point.

Author: WDH

Example: In this examplewe shav how to interpolatea grid functionat arbitrarypointsin space.

ConpositeGid cg(...); /1 get a ConpositeGid from some-where
Range all;
real Conposi teGidFunction u(cg,all,all,all,2); [// grid function with two conponents

i nt nunber O Poi nt sTol nt er pol at e=1;

real Array positionTol nterpol at e( nunmber O Poi nt sTol nt er pol at e, 3),
ul nt er pol at ed( nunber O Poi nt sTol nt er pol ate, 2);

for(;;)

{

cout << "Enter a point to interpolate (x,y) \n";
cin >> positionTol nterpolate(0,0) >> positionTolnterpolate(0,1) ;

int extrap = interpol at ePoi nt s(posi tionTol nterpol ate, u, ulnterpol ated);

if( extrap < 0)
cout << " point was extrapol ated" << endl;

ul nt erpol at ed. di spl ay("Here is ulnterpolated:");

6.2 Inter polateAllPoints on one CompositeGridFunction from another CompositeGridFunction
int
inter polateAllPoints(constrealCompositeGridFunction& uFrom,

realCompositeGridFunction& uTo)

Description: Interpolateall valueson one CompositeGridFunctionyTo, from the valuesof anotherCompositeGridFunc-
tion, uFr om Valueson uTo areextrapolatedf they lie outsidethe region coveredby uFr om This routine calls the
i nt er pol at ePoi nt s function.

uFrom (input): Usethesevaluesto interpolatefrom.
uTo (output): Fill in all valueson this grid (includingghost-points).

Errors: Thisroutinein principle shouldalwaysbe ableto interpolateor extrapolateall values.
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Return Values: e 0=success
e 1= error, unableto interpolate
e -N =couldnotinterpolateN points,but couldextrapolate- extrapolationwasperformedrom thenearesgrid point.

Author: WDH

int

inter polateAllPoints(constrealCompositeGridFunction& uFrom,
realMappedGridFunction & uTo)

Description: Interpolateall valueson a realMappedGridFunctionyTo, from the valuesof anotherCompositeGridFunction,
uFr om ValuesonuTo areextrapolatedf they lie outsidetheregion coveredby uFr om Thisroutinecallsthei nt er -
pol at ePoi nt s function.

uFrom (input): Usethesevaluesto interpolatefrom.
uTo (output): Fill in all valueson this grid (includingghost-points).
Errors: Thisroutinein principle shouldalwaysbe ableto interpolateor extrapolateall values.

Return Values: e 0=success
e 1 =error, unableto interpolate
e -N =couldnotinterpolateN points,but couldextrapolate- extrapolationwasperformedrom thenearesgrid point.

Author: WDH

Example: Hereis anexample

ConpositeGid cgFron(...);
real Conposi teG i dFunction uFron{cgFrom;
uFronme. . . ;

ConpositeGid cgTo(...);
real Conposi teG i dFunction uTo(cgTo);

i nt erpol at eAl | Poi nt s(uFrom uTo) ;

6.3 Inter polateExposedBints of a CompositeGridFunction for a Moving CompositeGrid
int
inter polateExposedBints(CompositeGrid & cgl,
CompositeGrid & cg2,
realCompositeGridFunction& ul,
OGFunction *TZFlo w =NULL,
realt =0.,
constbool & returnindexValues=FALSE,
IntegerArray & numberPerGrid = Overtur e::nullintArray(),
intArray & ia = Overtur e::nullintArray())

Purpose: Assignvaluesto exposedpointsin amaoving grid
cgl(input): grid andgrid functionatold time
cg2(input): grid atnew time

ul: A grid functionongrid cgl. Onoutput,exposedpointsareinterpolated
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TZFlow: If specifiedandnon-NULL this pointerto a twilight-zonefunctionwill be usedto computethe errorin theinterpo-
lation. Thisis usedfor dehugging.

t: Evaluatethetwilight-zonefunctionatthis time (thetime correspondingo cgl).

returnindexValues(bool) : if TRUE returnpointsthatwereinterpolatedn thearrayia:

ia(i,0:2) = (il,i2,i3) where the nunber of points fromeach grid is stored in nunbe
t hus ia(i,0:2) : points interpolated fromgrid=0 for i=0,...,nunberPerGid(0)-

ia(i,0:2) : points interpolated fromgrid=1 for i=nunberPerGid(0),...,nun

Remarks: Hereis a pictureof a 1D moving overlappinggrid thatillustratesthe exposedpoint on the old grid thatrequiresa
valuesothe solutioncanbeadwancedo thenew grid.

R Sk SR S ad grid, point * is unused
M B e it S & Points marked | are interpolation
1 2 3 4 5

S s
nove- - > I i S ERE SR New grid, requires a value on the OLD gr
1 2 3 4 at point * to compute a derivative at po

NOTE: Thisroutineassumesgandchecks)}hatthe numberof grid pointshasNOT changed!
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